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PREFACE

Nonrotating flight control systems, their specifications,
standards, design guides, and their state of the art in re-
search and development have been investigated in this report
with a particular view toward reliability and maintainability
of design. Recommendations have been made for documentation
changes and future R&D. This investigation was performed
under Contract DAAJ02-73-C-0026, Task 1F162203A11903, under
the technical cognizance of Mr. Royace Prather, R&M Division,
Eustis Directorate, U.S. Army Air Mobility R&D Laboratory.

The authors wish to acknowledge the technical assistance of
various groups of the Bell Helicopter Engineering Design and
Engineering Laboratories, and the Hydraulics Research and
Manufacturing Company, Valencia, California.
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INTRODUCTION

With increased requirements for mission accomplishment with
statistical confidence in the system effectiveness parameters
of operational reliability, operational readiness, and
tactical readiness under battlefield environmental and per-
formance requirements, design for reliability and maintain-
ability becomes important and cannot be left to subjective
evaluation and to chance. Demands on flight control systems
reliability and maintainability have part%cularly increased
due to specific improved objectives for:

- Coordination in intra- and intersKstem compatibility
and the increased complexity of those systems

- Life both with and without maintenance

- Interchangeability at the Aviation Unit and Inter-
mediate Maintenance levels

- Functional performance in the face of increased
system complexity, environmental intensity, and
requirements for weapons fire control stability

- Safety at all hazard levels

Reliability and maintainability requirements to achieve these
objectives should be included in the design and product assur-
ance sections of the system and component specifications. This
investigation identifies those areas of Army Helicopter Non-
rotating Flight Control System specifications, standards and
design handbooks affecting the above design objectives, which
relate to reliability and maintainability in which improvement
can be made, and recommends revisions based on definitions and
criteria established for review. Basic considerations and
recommendations are made for changes to specifications, stand-
ards, and design handbooks to correct for problems of non-use
or for problems of usage where requirements are inadequate,
incomplete or nonexistent. Where material failure experience
reflects upon present requirements in the above documents,
additional requirements were added or the current requirements
were revised as applicable to correct for these problems in
future systems.

BHC R&M data, DA2407 TAMMS maintenance data, Army R&M reports,
Navy 3-M data, BHC quality control records, and Customer
Service Department Discrepancy/Malfunction Reports all indi-
cate that present-day nonrotating flight control systems are

of relatively high reliability and maintainability, but this

is not due to the quality of the specifications, standards, and
design guides.
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This investigation also reviews the state of the art of fly-
by-wire and fluidic flight control system design, evaluates
sgstem and component level hardware and documentation avail-
able, particularly for R&M, and recommends future R&D efforts.

This report is organized into three main cections: present-
day nonrotating mechanical helicopter flight control systems,
fly-by-wire systems, and fluidic systems design. The first
section on present-day systems assesses design only from the
standpoint of the military specifications, standards, and
design guides, both existing and not existing. This is done
at the system level, limited to augmentation systems, and at
the component level. Considered are standard and nonstandard
components, castings and forgings, structure, and cockpit
arrangement., Special emphasis is placed on the study of the
system of planning and control for design objectives and R&M
related product characteristics which are generated in the
design through specification requirements. In this process,
classification of objectives and traceable characteristics,
detailed quality planning, qualification for R&M, statistical
quality control, and variables reporting should play a major.
role in attaining reliability and maintainability in the prod-
UCt. . .

The second section is devoted to fly-by-wire system design
for R&M and has three subsections which consider the system,
components developed, and recommendations for future efforts.

The objective of the fly-by-wire investigation is to review
existing documentation describing fly-by-wire control systems
in order to recommend future R&D efforts which would define
design and test requirements, quality assurance provisions,
and qualification requirements procedures and practices for
fly-by-wire components of future Army aircraft. Although
many fly-by-wire prototype research programs have been suc-
cessfully funded and completed for U, S. Armed Service
organizations, to date no U.S.A, fly-by-wire controlled air-
craft has been put into production for either commercial or
military service. However, based upon current technology
trends for the development of aircraft such as demonstrated
by the HLH, Space Shuttle, and the General Dynamics Light-
weight Fighter, the use of fly-by-wire control systems for
production military aircraft appears imminent.

The third section is devoted to fluidic flight control systems.
Its objective is identical to that for the fly-by-wire in-
vestigation. No complete fluidic flight control systems have
been flown to date. Operational subsystems, such as stability
augmentation systems, and fluidic components have been flown,
however. Comparisons are made with similar fly-by-wire and
mechanical systems and components.

11
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The fly-by-wire and fluidics investigations were carried out
in two phases. Phase I was the obtaining of DDC and NASA
literature search documentation listing existing fly-by-wire
and fluidic documents and work in progress. The second " ...«
was the review of selected documents obtained from the litera-
ture search for applicable information. In addition, a
limited number of Government and aerospace industry personnel
were contacted for comments concerning fly-by-wire and fluidic
control technology.

Appendixes A-H include a system description for the AH-1G
helicopter flight control system as typical; the results of
specification, standards, and design handbook review in the
categories of system, component, structure, and cockpit arrange-
ment; and an index of fly-by-wire and fluidics on-going investi-
gations,

This investigation has been limited in that it does not con-
sider design for flight control system survivability. Sur-
vivability provides the added dimension of reliability in the
projectile and missile environment and in the crash environ-
ment. A separate investigation of flight control specifica-
tions is needed to address this subject.



MECHANICAL FLIGHT CONTROL SYSTEM DESIGN

The typical present-daf nonrotating helicopter flight control
system is a positive, irreversible mechanical kinematic mech-
anism, activated by conventional helicopter controls which

when moved, direct the helicopter in various modes of fligﬁt.
Operation of the system is aided by a stability augmentation
system (SAS) which adds electrical input to the pilot's mechani-
cal control to provide a continuous fly-through capability, The

system includes a cyclic control stick, used for fore-and-aft
and lateral control; a collective pitch control lever, used
for vertical control; tail rotor control pedals, used for
heading control; and a synchronized elevator connected mech-
anical%y to the fore-and-aft cyclic control system to increase
controllability and extend cg range.

The forces of a flight control system are reduced to lessen
pilot fatigue, by hydraulic servo cylinders which are con-
nected to the control system mechanical linkage and powered
by the transmission-driven hydraulic pumps. Force trims
(force gradient) connected to the cyclic and directional con-
trols are electrically operated mechanical units used to in-
duce artificial control feel into cyclic and directional
controls and to prevent the cyclic stick from moving of its
own accord.

The mechanical kinematic mechanism is generally composed of
cables, pulleys, sectors, or push-pull or torque tubes with
horns, bellcranks, etc. Appendix A presents the AH-1G Flight
Control System as a typical system.

Design for reliability and maintainability is concerned with
optimization of operational and tactical availability and
operational reliability. The flight control system must meet
all its design objectives with an established probability of
success and an associated confidence. Since components are
the building blocks, R&M must be built into them to meet the
system allocations. Excellence of design is built upon ex-
perience. Experience is retained in the recorded methodology,
material, failure and mainterance data of which military spec-
ifications, standards, and design guides can be a valuable
part.

REVIEW OF SPECIFICATIONS, STANDARDS, AND DESIGN GUIDES

Past R&D investigations by the Army have shown that relia-
bility and maintainability related problems of Army helicopter
flight control systems are created basically by innate inade-
quacies existing in flight contrcl system design and test
criteria, quality assurance provisions, maintenance manuals

13



and training procedures, and lack of adherence to applicable
military specifications and requirements.

The approach used in this investigation has been to identify
the typical system, the applicable specifications, standards,
and design fuides, the relation of requirements therein to de-
sign objectives for R&M, and to review the retained failure ex-
perience resulting from inadequate or nonexistent require-
ments. The specifications, standards, and design guides were
then reviewed and recommendations made to assure that specifi-
cation requirements and design guides do indeed focus on
design objectives for R&M, result in control of all product
characteristics having a bearin§ on R&M, and correct for any
R&M problems reported by the failure experience system.

Appendix A describes a typical system for which specifica-
tions, standards, and design guides are being reviewed in
this study. The scope of the contract, however, excludes hy-
draulic components, aerodynamic surfaces, components from the
swashplate to the main rotor, the swashplate with exception
of nonrotating components, and automatic flight control sys-
tems with the exception of stability augmentation systems.

The system from the standpoint of specifications, standards,
and design guides is presented in the form of the System
Specification Tree of Figure 1. Requirements of these speci-
fications are in need of a common bond or focal point.

It is a general assumption, based upon %ood design practice,
that flight control systems will be designed to a set of basic
design objectives; however, MIL-F-9490, the Flight Control
Systems Design, Installation, and Test Specification, and other
flight control system design guidance documents applied to Army
helicopters show no evidence of explicit classified listing of
design objectives., The classification, suggested here, is
divided into the five design objective categories known as the
CLIFS, first established by the Navy in 0STD-78, '"Ordnance
Classification of Defects," in the 1950's. These categories
are:

Coordination - Statements of the broadest requirements
for system and subsystem interface and compatibility
with other systems with which each has an intended
interaction. ,

Examples: Rotor system, pilot and copilot inputs,
hydraulic or electrical gower inputs,
impedance, materials, subsystem con-
nections and other interfaces.

Life - Statements of the broadest requirements for system
performance as a function of time, or cycles,

14
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throughout the system life cycle. This life cycle is
generally broken down into three periods having .
distinct reliability characteristics. These periods
are early life, useful life, and wearout.

Examples: MTBF, service life.

Interchangeability - Statements of the broadest require-
ments for standardization, replaceability, or repair-
ability for system components and parts,

Examples: MTIR failure/downtime relation at organi-
zational level, plug-in features or
CONNECLors,

Function - Statement of the broadest requirements for
system performance.

Examples: Response time, stability, dynamic forces,
MTBF,

Safety - Statement of the broadest re%uirements for system
operations and maintenance, free from those conditions
that can cause injury or death to personnel, damage
to, or loss of equipment or property.

Examples: Hazard elimination, fail safe, safe life,
MTBF.

The specifications, standards, and design guides for heli-
copter flight control systems are not now focused vn a set of
common design objectives reflecting the present-day and near-
future state of the art. It must be possible to further
refine a classification of design objectives and the specifi-
cation tree in each specific system specification, The need
for establishing this framework is evident when a system and
each component therein is considered as a collection of char-
acteristics of variable importance to system reliability and
maintainability. To provide for quality of product confor-
mance these characteristics are classified into the cate-
gories of critical, major, and minor by WR 43A, MIL-STD-105,
and MIL-STD-414 which represent established quality control
practice.

To provide system reliability and maintainability with statis-
tical confidence, design objectives through classification
must be related to reliability and maintainability require-
ments and traced through the framework of applicable military
specifications and standards to the system specification for
tﬁe specific product and down to those documents used for
manufacture, procurement, qualification, product acceptance,
and maintenance in the field. Figures 2 and 3 illustrate
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the required planning and control flow path for flight control
system Reliability and Maintainability requirements.

Reliability is inherent in design objectives for life, func-
tion, and safety, and is traced to requirements reflected in
the system specification for the particular system, in MIL-
F-9490, the general specification for Flight Control Systems
Design, Installation and Test, and MIL-STD-882, the require-
ments for system safety program for systems and associated
subsystems and equipment. Figure 4 describes the relation of
these design objectives with the life state, operational
state, and hazard level requirements.

Maintainability is inherent in design objectives for coordi-
nation, life, and interchangeability, and is traced to re-
quirements which should be reflected in the system specifica-
tion for the particular system, in MIL-F-9490, and are now
reflected in AR750-1, "Army Material Maintenance Concepts

and Policies.'" Figure 5 describes the relation of the above
design objectives with the maintenance level requirements.,

The major premise upon which specifications and standards must
find their direction in application is stated as follows:

" If design objectives are to result in high levels of
R&M, attained with statistical confidence, essential
product characteristics must be identified and con-
%rol%ed in the specifications and drawings at every

evel,"

In order to adequately define the characteristics which make
up a product, and to control them for specific reliability
and maintainability achievement, they must be classified. 1In
military products, characteristics and defects are classified
into the categories of critical, maior, and minor b{lthe pro-

cess and with the definitions established in the following
documents:
WR-43A - Preparation of Quality Assurance Provisions

(Replaced 0STD-78)
MIL-STD-105 - Inspection of Attributes
MIL-STD-414 - Inspection by Variables

These documents represent established quality control practice.

Figure 6 defines both critical characteristics and critical
defects.

In order to use these definitions obiectively, each character-
istic must be traced back and specifically related to each

19



basic design objective and requirement for function, safety,
and life on a one-to-one basis. A critical characteristic,
when discrepant, could create a critical defect. The critical
characteristic and its associated critical defect must be
traceable to the design objectives, This process is illus-
trated in Figure 7. Also, the process for classifyin% major
and minor characteristics and defects is illustrated in Fig-
ures 8 through 11,
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WR - 43A

"A major characteristic is one which, if discrepant, could
result in failure, or materially reduce the usability of the
unit of product for its intended purpose."

MIL-STD-105 & MIL-STD-414

"A major defect is a defect, other than critical, that is
likely to result in failure, or to reduce materially the
usability of the unit of product for its intended purpose."

Figure 8, Definitions for Classification
of Major Characteristics and
Defects.
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WR - 43A

"A minor characteristic is one which, if discrepant, would
not reduce materially the usability of the umt of product
for its intended purpose.'

MIL-STD-105 & MIL-STD-414

"A minor defect is a defect that is not likely to reduce
materially the usability of the unit of product for its
intended purpose or is a departure from established having
little bearing on the effective use or operation of the
unit."

Figure 10. Definitions for Classification of
Minor Characteristics and Defects.
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The Specification leview 2rocedurc

The procedure followed in this investigation began with prep-
aration of a table for each specification. in sccordance with
MIL-STD=-490, the six sections of & specification consist of the
following:

1. Scope - shall consist of general information pertain-
ing to the extent of applicability of an item, material
or process covered by a given specification and, when
necessary, specific detailed classification thereof.

2. Applicable documents - shall include only those govern-
ment and nongovernment documents referenced in the
specification.

3. Requirements - that apply to performance, design,
reliability, personnel subsystems, etc., of the item,
material or process covered by the specification shall
be stated.

4, Quality assurance provisions - shall include all of
the examinations and tests to be performed in crder to
ascertain that the product, material or process to be
developed or offered for acceptance conforms to the
requirements,

5. Preparation for delivery - includes applicable require-
ments for preservation, packaging, and packing the item,
and marking of packages and containers.

6. Notes.
Table 1 is an example., Requirements were listed in brief,
point by point., A test for completeness and continuity re-
quired that for each "Quality of Design" requirement reflected
in Section 3, there must be a "Quality Assurance Provision" re-
quirement in Section 4., A "Quality of Design" requirement, to
be considered complete, had to consist of:

1. Definition of requirement and its relation to design
objective.

2, Specification of characteristics to be classified to
include:

a. Parameters necessary to the requirement

b, Objective limits of acceptance
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c. Reference to a specification or standard where
more complete description was necessary

Requirements judged to be critical or major characteristics
were modified to include:

1. Reliability or maintainability probability statement
2. Success/failure criteria

3. Cross reference to quality assurance provision
requirement

Complementary quality assurance requirements were required to
consist of inspections and tests specified at two levels:

1. Quality of design (Qualification)
2. Quality of ¢ .niormance (Producticn Acceptance)

The qualification requirement statements were required to
provide for determination of reliability with established
confidence for critical and major failure-governing charac-
teristics. the qualification requirement statements were

also required to provide for demonstration of maintainability-
related design objectives.

Wthen a requirement having an effect on f{light control system
R&M was challenged or added to a specification, standard, or
handbook, tests for rationale were applied. These are three-
part tests contained in the "Fundamental Principles for Attain-
ment of an End" used most familiarly by military planners.
Tests include:

1. Suitability - Does the requirement accomplish the R&M
objective?

2, Teasibility - Are the resources aveilable to design
in and verify the requirement?

3. Acceptability - Is the effort/cost worth the gain in
R&M?

These tests were applied to the flight control system speci-
fication requirements, and the following summary is representa-
tive of the general rationale for change.

1. Suitability Rationale

Flight control system specifications are presently
written to provide for a minimum acceptable level of
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performance only, and lack objective requirements

for R&M and associated workmanship, qualification,
design disclosure, and quality assurance planning and
control to make R&M a reality,

If an objective of fli%ht control system design is
operational mission effectiveness with statistical
confidence and minimization of risk, then the addi-
tion of R&M requirements to the now-existing perform-
ance capability requirements is a necessity and is
suitable.

2. Feasibility Rationale

The specifications, standards, and methodology are
presently available to design and maintain R&M in
flight control systems. Although much data is avail-
able, the weakest resource link to design for compo-
nent and structural reliability is the availability of
distributional material properties data under the
types of loading encountered in service. This state-
ment also applies to standard maintenance time and
other human factors data to be applied to maintain-
ability analysis.

Military specification requirements for R&M design,
if added, will force the generation of such data nec-
essary to design R&l! requirements directly into com-
ponents and thus into systems.

3. Acceptability Rationale

This factor can be evaluated most directly by con-
sidering the investment in organization, planning
control, methodology, and data and the resultant
return in mission effectiveness, crew safety, and
logistic cost reduction., To most objectively evaluate
this factor, a cost effectiveness study will have to
be accomplished as the subject of a separate research
contract. Experience with case histories since 1950
has demonstrated, however, that return on investment
is tenfold or greater for deployed military systems.,

SYSTEM LEVEL HARDWARE AND SPECIFICATION R&M EVALUATION

This section is concerned with helicopter flight control
systems built to:

MIL-F-9490 Flight Control Systems, Design, Installation
and Test of, Piloted Aircraft, General
Specifications for
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MIL-C-18244  Control and Stabilization Systems

MIL-H=-8501 Helicopter Flying and Ground Qualities

MIL-E=5400 Electronic Equipment, Airborne
It evaluates both the impact of hardware failures which result
in mission abort or safety problems and the impact of the need
for quantitative R&M assurance on the above specifications.

System Hardware Problems

At the system level, representative failure and maintenance
rates for Bell Helicopter flight control systems used in the
military environment have been on the order of L ovSTEM

= 0,020803/flight hour, and MMH/FH = 0.219141, These rates
include failures of every mode and criticality level, and
maintenance at every level to include both corrective and
preventive actions., Failures which could be considered criti-
cal have occurred with very low frequency, usually on the ground
and in the Stability, Control and Augmentation System (SCAS)

to date. Those occurring on the ground were classified criti-
cal because the pilot aborted the mission without taking off,

The primary failure modes observed from the system view have
been:

- erratic roll feedback
- erratic yaw feedback

generally caused by transducer failure or card adjustment in
the SCAS, These problems have been essentially eliminated by
design changes. Other mission-abort failures of a critical
nature which have occurred on a one-time basis have been:

- Severe aircraft oscillation and roll caused by internal
failure of lateral magnetic brake

- Tail rotor crosshead bearing frozen to tube assembly
caused by suspected lack of grease

Because of the redundancy of components and subsystems, and
the fail-safety or operational features, component failures in
flight control systems rarely become operational or system
safety problems. As a result of the very low failure rate
experienced above, the impact of failure problems on the
system specifications is minimal.
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Svstem Specification Problems

Present-day system level flight control military specifica-
tions are essentially limited to requirements directed toward
attaining at least a minimum level of acceptance for system
performance and do not effectively address requirements

for reliability and maintainability,

Lacking are:
- Objective "Design for Reliability" requirements
- Objective '"Design for Maintainability" requirements
- Objective R&M supporting requirements in areas of:
- Workmanship

- Integrated inspection and test planning at
the Qualification level and Production
Acceptance level,

The problems of classification in each design objective area
must be resolved. For example, classifications for perform-
ance, safety, maintenance, and statistical quality control
must be made compatible with design for R&M. A solution is
indicated by the relationships and traceability indicated in
Figures 4 through 11,

Orientation for all specification and drawing documentation
must be directed toward design for the mission and overall
system effectiveness optimization while at the same time
avoiding restricting the designer in any one area, and main-
taining uniform standards for '"quality of design" and "quality
of conformance." ,

Common Rationale for Added R&M Requirements
1, Suitability Rationale

R&M requirements are necessary in system specifications
from the standpoint of controlling those parameters

of design which contribute to quantitative answers to
the questions of:

- How long is the system capable of working
without failure?

- How often is the system ready when needed?
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Presently these system specifications are written

with only performance capability in mind, That is, the
system built to these specifications should result in
a proper answer to the question:

- How well does the system perform its job when
working properly?

In order to answer the above questions for R&M as they
now appear in system specifications, it is entirely
suitable that complete specifications be accomplished

fai 3
(a) Product R&M requirements
(b) R&M Management System requirements
(c) R&M Analysis

Feasibility Rationale

The following methodology and standards relating to
R&M engineering and management are available and are
called out in recommendations to the applicable sys-
tem specifications:

R&M Definition

MIL-STD-721 - Definitions of Effectiveness Terms
for Reliability, Maintainability,
Human Factors, and Safety

R&M Management

MIL-STD-785 = Reliability Program

MIL-STD-470 - Maintainability Program
MIL-STD-499 - Systems Engineering Management
AMCP 702-3 - Reliability Handbook
R&M Analysis
MIL-STD-217

- Reliability Prediction
MIL-STD-756
MIL-STD-4"? - Maintainability Prediction
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MIL-STD-1388
™ 38-703-3

Logistic Support Analysis

Maintenance Engineering Analysis Data
System (Department of the Army)

AMCP 706-134

Maintainability Guide for Design

R&M Testing
MIL-STD-/81

Reliability Tests Exponential

MIL-STD-810 Environmental Test Methods

MIL-STD-471

Maintainability Demonstration

R&M Reporting

MIL-STD-1304 Reports, RAM Engineering Data

Quality Control Support

MIL-Q-9858 - Quality Program

WR=43A - Preparation of Quality Assurance
Provisions (Naval Weapons Systems
Command)

MIL-STD-105 - Inspection of Attributes

MIL-STD-414 - 1Inspection by Variables

This is a minimum list of supporting standards to R&M
technology. None of these now cover '"Probabilistic
Design for R&M' methodology as reflected in numerous
government and commercial research reports, projects,
and texts (References 1 through 4), This methodology
should be committed to standards under each of the
headings above,

WR-43A also has shortcomings, since classification of
characteristics, in this limited use standard, depends
solely upon subjective use of definitions for critical,
major, and minor characteristics (see Figures 6, 8,

10% and does not require traceability of the char-
acteristics back to the design objectives to determine
classification. It is recommended that a similar
standard to WR-43A be written for helicopters, but
employing a classification scheme requiring positive
traceability to CLIFS design objectives as illustrated
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in Figures 4 through 11. This standard should provide
the general classification of design objectives for
helicopters reflecting current state of the art, and
should be a flexible document requiring this general
set of objectives to be supplemented by the system
specification which contains the requirements peculiar
to the design.

Acceptability Rationale

Acceptability is evaluated, as previously stated, in
terms of return on investment in R&M specifications,
management, analysis, design, and testing. If applied
with sufficient discipline, improvements related to
the following can be expected in future flight coatrol
systems:

- Statistical confidence in

Operational reliability
- Operational readiness
- Tactical availability

- Crew safety from the knowledge of the effects
of material failure, also with statistical
confidence

- Reductions in logistics costs many times
greater than the investment.

It is difficult to affix a dollar value on invest-
ment without performing an extensive study beyond the
scope of this study.

As a result of the analysis of this section, the following
general recommendations are made:

Develop a standard covering "Probabilistic Design for
R&M" methodology

Develop a standard covering "Preparation of Quality
Assurance Provisions for Helicopter Flight Control
Systems"

In MIL-F-9490 and MIL-C-18244, completely specify
- Product R&M requirements for each level of:

Performance
Safety
Maintenance
Quality
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- R&M Management Requirements

- R&M Engineering Analysis Requirements
Appendix B provides the detailed Sﬁstem specification change
recommendations and rationale which address the combined hard-
ware/documentation problems related in this section.

COMPONENT LEVEL HARDWARE AND SPECIFICATION R&M EVALUATION

This section is concerned with standard components, non-
standard components, and castings and forgings built to the
specifications listed in Figure 1. It evaluates both the
impact of failure history and the impact of quantitative R&M
requirements on the specifications in Figure 1.

Standard Components

Standard Component Hardware Problems

The primary flight control system component R&M problems
are summarized in Table 2.

Accelerated wear and fatigue, due to the combined vibra-
tion, sand and dust or high humidity environment coupled
with oscillatory and intermittent loading, result in
strength deterioration and stress buildup in components.
Loss of lubricant in bearings due to inadequate sealing
further contributes to this case. Improper maintenance
and quality control have contributed to reliability
deterioration in all components. While the failure rates
are low in all cases, further R&M improvements necessary
for more complex flight control systems can be made by
specific design for reliability and maintainability, and
integrated quality assurance planning and control.

Hardware problems associated with flight control system
components were not available from most system manufac-
turers, and the data obtained from data sources were
meager.

Standard Component Specification Problems

Military specifications for components used in present-day
flight control systems are limited to requirements directed
toward attaining at least a minimum level of product
acceptance and do not address requirements for reliability
and maintainability. In addition, they are oriented toward
general military procurement, and not toward use in heli-
copter systems,
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Lacking are:
- Objective "Design for Reliability" requirements
- Objective "Design for Maintainahility' requirements
- Objective R&M supporting requirements in areas of
- Workmanship

- Integrated inspection and test planning
at the

- Quelification level
- Production Acceptance level

Since component applice ‘ :n is very poorly defined for
general procurement si1 - fication items, it is not com-
pletely meaningful to ¢« . iify these items for a specific
quantitative level of reliability and maintainability,

The best that can be done for a standardized component
which has not yet met its actual environment is to define
its failure-governing strength distributions., These dis=-
tributions may be determined in the qualification test
program, coincident with the proof to a stated probability
of success and confidence level that specified qualifica-
tion levels are being met. Reporting the statistical param-
eters of the failure-governing distributions with the
qualification test data assures that the application or
reliability engineer may estimate the reliability of the
component with confidence during the design application
phase. Reference is made to the literature cited (1
through 4) for the methodology. A side benefit is a sig-
nificant reduction of design, build, and test iterations
to obtain a desired reliability,

A standard is needed for qualifying failure-governing
characteristics for reliability-critical components., A
probability of success of 0.9¢ (i.e., .999999) at the 90
percent confidence level is thus recommended for qualifi-
cation requirements established by specifications for

such military components. The assumption is made that

the qualification level required by the specification
represents the state of the art and the quality of

design established for the particular component. It is
also assumed that the level stated in the specification is
intended to be the minimun qualification level acceptable
for the particular characteristic of the component,
Probability of 0.9¢ represents the success rate expected
for helicopter components and is consistent with the level
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of reliability requirements allocated to components used
in other complex military systems today in order to meet
total system reliability requirements. Ninety percent
represents the normal minimum confidence level expected
today and is consistent with the economics of testing.

In testing for determination of parameters of failure gov-
erning strength distributions, sample sizes of at least

30 were chosen. This is about the smallest number which
will result in a histogram which, when fitted with the
proper statistical distribution, will be consistently
accepted, or rejected, by a valid goodness-of-fit test at
5 percent level of significance.

Nonstandard Components

Nonstandard Component Hardware Probilems

Components such as the grip assemblies, push-pull con-
trols, and control tubes are generally procured or manu-
factured to the customer's drawing. As such, they are a
custom design, fabricated to order. Since these items are
produced in a more limited quantity than catalogue items,
the costs of ?ualification become important because they
cannot be sufficiently distributed over a large enough
quantity to result in reasonable unit costs. From the R&M
standpoint, it is desirable to qualify all essential sys-
tem components to a specified statistical reliability and
maintainability level with a specified level of confidence.

These components are also different from standard compo=
nents, since the expected mission profiles, duty cycles,
loads, and environmental conditions are known and it is
possible to design for reliability and maintainability
mission requirements from the start. Under such circum-
stances, reliability can be designed into the component
using distributional material properties and probabilis-

tic design methodology; then the attained reliability can

be verified by using a few samples in a truncated sequential
test of MIL-STD-781, Additionally, the customer has control
over maintainability features from the beginning.

Of the flight control system components under review, the
only procured custom-designed component assembly used by
Bell Helicopter Company is the grip assembly designed and
fabricated in accordance with MIL-G-25561, A typical
failure rate for this component is AGRIP ASSEMBLY

= 0.000129/hour. Historically, the primary failure mode
has been a sticking or contaminated trim switch.
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Push-pull controls of the MIL-C-7958 type are not used in
BHC helicopters since the same function can be performed
with bellcranks and control tubes more effectively.

Control tube assemblies, as flight control system compo-
nents, are not presently covered by a military specifica-
tion or standard. At BHC, each control tube assembly is
custom designed, tabricated and assembled of aluminum
tubing, clevis ends or rod end bearings, nuts, and wash-
ers, They come in two main types: fixed or adjustable
length.

The typical failure rate for this component is

A = 0,000011/hour., The principal failure
CSNTROL TU?E \

modes contributing to this rate are freezing or wearout
of rod end bearings, and loosening of threaded joints.

Nonstandard Component Specification Problems

The nonstandard components required by MIL-F-9490 for
application to flight control systems are push-pull con-
trols conforming to MIL-C-7958 and grip assemblies to
MIL-G-25561.

These specifications also lack objective requirements
for R&M in the following areas:

- Design for Reliability

= Design for Maintainability

- Design and Production Assurance Support to R&M
- Workmanship

- Integrated Inspection and Test Planning
at

Qualification level
- Production Acceptance level

Since these components can be designed directly to
mission requirements from the start, the R&M problem in
design application.is minimized and qualification can be
verified by MIL-STD-781 and MIL-STD-471 with a minimum
sample size., That is, actual failure-governing stress
distributions can be estimated during the design process
and reliability can be determined in the stress analysis;
testing then need only assure that reliability exceeds

a certain level., This process requires less samples than
for the determination of failure-governing strength distri-
butions for standard component cases where the actual

42



applied stress distribution is unknown at time of design.

With respect to grip design, it should be pointed out that
improved designs are now available not meeting MIL-G-
25561, and recommendations are made to consider the most
acceptable designs and the need for MIL-specification
coverage.

Control tubes are also a special problem, Military speci-
fications and standards do not presently exist for control
tube design, fabrication, assembly, and use. Only the
tubing itself used in control tubes is covered by speci-
fications. Those for aluminum tubing include WW-T-700

and QQ-A-100 for drawn and extruded processing, respec=
tively. A specification should be written to cover de-
sign, fabrication, assembly, and use of control tubes

for helicopter flight control systems.,

Appendix B provides the specification change recommenda-
tions which address the combined hardware/documentation
problems related above. The above recommendations are sub-
mitted for the following specifications:

MIL-C-7955 - Controls, Push=-Pull, Flexible and Rigid

MIL-C-2556]1 - Grip Assembly, Controller, Aircraft,
Type MC-2

Castings and Forgings

Castings and forgings are procured to customer's drawings and,
as such, are custom designed and fabricated to order. Qualifi-
cation costs must be disbributed over the number of units, and
could be quite high on a unit basis if few units are used. On
the other hand, it is important from the R&M standpoint to
qualify those castings and forgings in critical applications

to a specified statistical reliability, maintainability, and
confidence level,

As with nonstandard components, castings and forgings may be
designed for reliability and maintainability tailored to the
mission and system from the beginning. Since reliability and
maintainability may be designed into castings and forgings,
based upon failure-governing strength and stress distributions
for reliability, and human factors for maintainability, it is
necessary only to verify R&M with a small amount of samples

in qualification and production acceptance.

In flight control systems, castings and forgings have been used
in the application in Table 3 with typical failure rates and
modes.
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TABLE 3 , FLIGHT CONTROL SYSTEM~-CASTING
AND FORGING FAILURES

A /hr Failure Mode
CASTINGS
Pedal Pads .000050 Loosening
Pulley Brackets .000036 Wear-pin vibration
Chain Guards .000186 Wear - rubbing
Stops .000001 Deformation - T/R strike

Bearing Housings .000001 Loosening
FORGINGS

Bellcrank Support | .000001 None observed
Quality defects only

Forgings have been extremely reliable in structural flight
control system applications.

Casting and Forging Specifications

MIL-F-9490 requires the use of MIL-C-6021 for flight con-
trol system castings and MIL-F-7190 for flight control
system forgings.
MIL-C-6021 is extremely limited in use since it applies
to classification and inspection of castings only. In
scope, it fails to cover

- "Quality of Design' requirements in entirety

- Quality Assurance Provisions for:
- Integrated inspection and test planning
- Control of workmanship characteristics
= Qualification testing

- Adequate traceability
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In addition, the classification system for castings uses
terminology not compatible with MIL-STD-105, 414, 109B,
and WR-43A, Grade classifications should be compatible
with Acceptable Quality Levels (AQl's) adaptable to
MIL-STD-105 or =414 and characteristics classified in
accordance with WR-43A to provide a basis for quality
control in support of R&M requirements. This specifica-
tion should be rewritten to correct for the above objec-
tions.

MIL-F-7190, "Stecl Forgings for Aircraft and Special
Ordnance Applications,” is a much more complete specifica-
tion than the casting specification. However, from the
R&M requirements standpoint, it has all the standard de-
ficiencies. Lacking are requirements for:

"Design for Reliability"

"Design for Maintainability"

Metallurgical practices affecting R&M

Quality Assurance Support for R&M in areas of

- Workmanship
- Integrated inspection and test planning at

= Qualification level
- Production Acceptance level

- Qualification

Appendix B provides detailed recommendations for cast-
ing and forging specification changes based on failure
problems, current good metallurgical practice, and speci-
fication deficiencies in view of R&M statistical confi-
dence needs for critical components.

As a result of the analysis of this section, the following
general recommendations are made:

- Design R&M directly into components using 'Design for
R&M" methodology.

- Require qualification of failure-governing characteris-

tics to a probability of success consistent with
present-day state of the art for helicopters.
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- Require publication of statistical parameters for fail-
ure-ﬁoverning strength distributions obtained from

qual

fication testing to permit design for reliability

in actual applications.

- Require integrated inspection and test planning in the
form of customer-approved ''Quality Assurance Provisions"
for each component configuration,

- Require traceability means for all components.

- Require objective workmanship standards.

- Require structural design specifications for helicopters
employing '"Design for Reliability" methodology .

- Develop a "Distributional Materials Properties Hand-
book" useful to helicopter component designers.

- Conduct detailed review of MIL-STD-810, "Environmental
Test Methods," for use in qualifying helicopter

components .

Supplementary data provide the detailed component specification
change recommendations which address the combined hardware/
documentation problems related in this section.

STRUCTURAL AND ASSOCIATED SPECIFICATION R&M EVALUATION

This section is concerned with structural design requirements

for helicopter flight control systems. The specifications
under evaluation include:

MIL-S-8698
MIL-A-8860

MIL-A-8861

MIL-A-8865

MIL-A-8866

MIL-A-8870

Structural Design Requirements, Helicopters

Airplane Strength and Rigidity, General
Specification for

Airplane Strength and Rigidity, Flight
Loads

Airplane Strength and Rigidity,
Miscellaneous Loads

Airplane Strength and Rigidity,
Reliability Requirements, Repeated
Loads, and Fatigue

Airplane Strength and Rigidity,
Vibration, Flutter, and Divergence
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The impact of structural failure history and the present
structural analysis methodology on R&M requirements for the
above specifications are evaluated.

Structure Problems

Most components and subassemblies of a flight control system
are considered as structural members. However, they are
lightly loaded internally and usually experience oscillatory
and intermittent motion. Externally, members and components
are exposed to vibration, sand and dust, and humidity as the
principal environmental stresses.

Since the boundary limits for the flight control system, as
defined for this investigation, do not include any dynamically
or heavily loaded components, stresses may be controlled in
the system, at a low level, by design.

Fl@%ht control structures have resulted in a typically low
failure rate of Apee srRucTURAL = 0.000286/hour considering

all failure modes and levels of criticality, This rate is
based upon Bell Helicopter experience with M&R Army Field
Failure data. The principal structural failure modes observed
have been cracks and fractures of items such as springs,
brackets, pulleys, synchronized elevator control tube, or
pitch links. Often the failure started with a stress con-
centration. In flight control system structure, manufacturing
defects have been a major contributor to failure, indicating a
need for planned attention to details of processing, assembly,
maintenance and quality control.

Specification Problems

The structural specifications required by MIL-F-9490 for
application to flight control systems are MIL-S-8698, MIL-A-
8860, -8861, -8865, -8866, and -8870. These specifications
are limited to design requirements and have the shortcoming
of not accounting for counterpart "Quality of Conformance'
requirements to provide assurance of structural integrity.

In addition, all current applicable structural specifications
utilize a design methodology based on safety margins as the
means for ensuring a component from structural failure,
Safety margins are inadequate for '"Design for Reliability"
from several standpoints:

- Few design engineers have a feel for the signifi-
cance of the relative magnitude of safety margins
with respect to reliability and definitely not as
much feel as they have for the safety factor,
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- The safety margin definition used in most design books
is

SM = SF - 1

This means that the safety margin is the amount by
which the safety factor exceeds the value of one.

This definition ignores the effects of the mean and
standard deviations of the stress and strength distri-
butions on the safety margin. Consequently, the

safety margin does not provide a true measure for the
ensuing component probability of failure or success.

The fallacies in designing by safety factors and

safety margins from the reliability viewpoint are

well illustrated in an article by Dr. Dimitri Kececioglu
and David Cormier in Reference 1,

- The "Design for Reliability" methodology is available
for structural design. This methodology employs the
failure-governing strength and failure-governing
stress distributions, and permits direct calculation
of the probability of structural failure or, con-
versely, reliability. Many references are now avail-
able on the methodology and are enumerated in the
Literature Cited section of this report.

A third major problem concerns the MIL-A-008860,
Airplane Strength and Rigidity series. These speci-
fications were written for fixed-wing aircraft with
orientation toward spectrum testing; thus they cannot
be effectively used for helicopter design.

Suitability Rationale

The MIL-A-008860, Airplane Strength and Rigidity series
of specifications are not suitable for helicopter design
for the reasons stated above. Requirements covering the
subject matter of these specifications should be developed
specifically for helicopter design and incorporated into
MIL-S-8698, Structural Design Requirements, Helicopters.

MIL-5-8698 is presently unsuitable with respect to Quality
Assurance Provisions, Section 4. This section does not
provide complementary coverage to Section 3, 'Quality of
Design Requirements,' In particular, inspections and
tests should be described in Section 4, and referenced by
the particular design requirement in Section 3.
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Safety Factor and Safety Margin methodology employed in
this specification is unsuitable for design for relia-
bility. Provisions should be made to gradually replace
this methodology with what is known as the ''Design for
Reliability" or "Probabilistic Design' methodology.

Feasibility Rationale

Helicopter structural designers have the capability to
revise MIL-5-8698 and to incorporate the MIL-A-008860
series, but this will require a contracted effort beyond
the scope of this contract.

Incorporation of "Design for Structural Reliability" can
also be made effective immediately, since the methodology
1s available. A weakness lies in the availability of
"Distributional Materials Properties' which now exist

only on a limited scale, but incorporation of the require-
ment for their use in specifications will provide the
impetus for their development by material laboratories
around the country, at least in the materials used by
aircraft designers in critical applications.

As a result of the analysis conducted for this secticn,
the following general recommendations are made:

- Revise specifications and develop a standard to
implement "Structural Design for Reliability"
methodology.

- Revise specifications to include adequate "Quality
Assurance Provisions."

- For helicopter structural design, replace the
MIL-A-008860 Airplane Strength and Rigidity series
with more appropriate requirements.

- Develop "Distributional Materials Properties"
Military Handbook for use by aircraft structural
reliability designers.

Appendix D provides the detailed recommendations and
supporting rationale which address the combined structural/
documentation problems related to this section.,

COCKPIT ARRANGEMENTS AND ASSOCIATED SPECIFICATION R&M
EVALUATION

MIL-F-9490 requires flight control systems to be designed to
military standards in the area of cockpit controls, location
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and actuation, displays, and ,eneral aircrew station geometry.
These standards have a bearin, on flight control system relia-
bility and maintainability. However, the effect is in the
humen factors aspects for the most part. Systems and compo-
nents must be designed for interface with the pilot, copilot,
and mechanic, and those aspects of biomechanics, sensory
processes, and anthropometry which affect reliability and
maintainability must be considered.

Flight control system material failures may result from the
forces applied by the pilot or copilot to the grips or rudder
pedals if the resulting failure-governing stress distributions
are not properly controlled by good design for reliability
with respect to the failure-governing strength distributions
of the material and configuration chosen. Structural speci-
fications must make the same considerations and be compatible
with these standavds.

Cockpit Control Hardware Problems

The only pilot-induced failure problems in helicopter flight
control systems reported to date include what pilots call
"mast bumping" and '"seat-belt jamming." These have occurred
on rare occasions.

"Mast bumping" is caused by the pilot's reaction to engine
failure wherein he instinctively pushes the cyclic stick full
forward, causing the SCAS to aggravate the stability situation,

The aircraft porpoises, causing the rotor head to bump the
mast, resulting in mast damage. The same failure mode may
occur without SCAS when several transmission mounts are
defective,

"Seat-belt jamming'" is a failure mode which occurs when the
pilot flies without the copilot and neglects to fasten the
copilot's belt over the empty seat. The belt tends to become
jammed under the collective stick in certain situations.

Flight control system components in the cockpit require
periodic maintenance. Maintainability of these components is
dependent upon accessibility, features and interface design,
and maintenance resources such as skilled manpower, avail-
ability of diagnostic equipment, standard and special tools,
and spare parts and materials. The common problems experi-
enced to date, affecting maintainability of cockpit compo-
nents of flight control systems, have been the number, type,
and quality of fasteners and adjustments., These problems
have now been minimized.
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Cockpit Control Specification Problems

The standards for design of helicopter flight controls in the
cockpit required by MIL-F=-9490 include:

MIL-STD-203
MIL=-STD=-250
MS 33574
MS 33575
MS 33576

These standards are restricted to arrangement and geometry
utilizing human factors anthropometric data for the most part.

MIL-STD-203 is written for fixed wing and has little applica-
tion to rotary wing. It references many obsolete specifica-
tions and standard drawings.

MIL-STD-250 is an adequate document from the geometric stand-
point but, as such, has little effect upon R&M. Standards
are required covering the human factors aspects of bio-
mechanics and sensory processes affecting R&M, particularly
in designing for location, magnitude, and direction of loads
applied to the flight control system from the cockpit under
different operating conditions, and in making adjustments
during maintenance.

MS 33574 applies to cockpit dimensions of stick-controlled
fixed-wing aircraft and is not used for rotary wing. MIL-STD-
1333A is used in its place, and should be added to MIL-F-9490,
No changes affecting R&M are indicated.

MS 33575 applies to helicopter cockpit dimensions and has
also been replaced by MIL-STD-1333A, MS 33575 should be
deleted from MIL-F-9490.

MS 33576 applies to cockpits of wheel-controlled fixed-wing

aircraft, and is not applicable to helicopters. It must be

left im MIL-F-9490 for fixed-wing aircraft cockpit design if
it is still current.

The previously mentioned recommendations can be found in

Appendix E, which contains the document review change recommen-
dations for the cockpit arrangements.
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FLY-BY-WIRE FLIGHT CONTROL SYSTEM DESIGN

INTRODUCTION

The objectives of this study were to:

Assess and report existing specification and state-of-
the-art documentation of fly-by-wire systems.

Contact technical associations, military agencies and
the helicopter flight control industry for develop-
ments, unpublished information, and planned and on-
going research.

Prepare a research study report recommending future R&D
efforts required to define (1) design and test require-
ments, (2) quality assurance provisions, and (3) quali-
fication requirements, procedures and practices for
these components in future Army aircraft.

The approach to this study included:

Procurement of a listing of existing fly-by-wire

technical research reports and a summary of work

in progress from the Defense Documentation Center
and NASA

Review of the literature search results for signifi-
cant documents and procurement of microfiche copies
of those most pertinent published since 1965

Review of microfiche reports

Contact with appropriate sources for additional
information

Final review of information obtained from all sources

Preparation of this summary report with research
recommendations

The selected bibliography lists the fly-by-wire research
reports which were available and reviewed. Appendix G lists
the on-going research and development investigationms.,
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SYSTEM LEVEL HARDWARE AND SPECIFICATION EVALUATION

Definition

The term "Fly-By-Wire" is generally applied to a control
system which uses electronic control signals to connect the
pilot's control commands to the aircraft control actuators.
For an existing aircraft, installing a fly-by-wire control
system would mean replacing the conventional flight control
system mechanical linkage with an electrical signal mechaniza-
tion. Since the use of fly-by-wire is an evolutionary process
from existing control system mechanization techniques, it is
worthwhile to briefly list and describe fly-by-wire techniques
and existing control confiqurations which incorporate elec-
tronic mechanizations as part of their normal operation.

The term "Pure Fly-By-Wire" is generally applied to a primary
flight control system mechanization which uses only electronic
control signals as the control signal transmission method.

The term "Pseudo Fly-By-Wire" is generally used to describe a
primary flight control system mechanization in which the
normal operating mode uses electronic coupling between pilot
and the control actuators, and also carries along a declutched
mechanical system as a backup.

The term "Control Augmentation System” or "CAS" is generally
applied to a primary flight control system which uses both
electrical and mechanical control paths operating together
in parallel to transmit control signals from the pilot to the
control actuators. If the electrical system is disabled, the
mechanical transmission path is used to command the control
actuators.

The term "Stability Augmentation System" or "SAS" is applied
to the limited authority, electronically controlled portion

of the flight control system which is used to add control
inputs to the pilot's mechanical input motions. The motion
added is commanded by vehicle motion sensors and is used to
increase the stability of the aircraft. "SCAS" or "Stability
and Control Augmentation System" is a version of the stability
augmentation system in which the pilot's inputs are transmitted
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and mixed electrically with the output of the aircraft motion
sensors so that the stability augmentu.ion system does not
oppose aircraft motions commanded by the pilot.

Examples of the "Pure Fly-By-Wire" mechanizations that have
been flown in this country are the Air Force 680-J F=-4 con-
tracted to McDonnell Douglas, NASA F-8 Digital Fly-By-Wire
Aircraft currently under flight test at Edwards Air Force
Base, and the space program Gemini, Apollo, and Mercury
vehicles. Aircraft under development which use pure fly-by-
wire control systems are the Space Shuttle vehicle, General
Dynamics Lightweight Fighter and the HLH. A prototype fly-
by-wire system for the HLH is currently being flight tested
in a smaller Boeing helicopter.

Examples of the '"Pseudo Fly-By-Wire" mechanization are the
Concorde SST; the MRCA, a fighter bomber developed by Britain,
Germany, and Italy; the TAGS CH-47B helicopter; and the Air
Force B-47 Fly-By-Wire Test Aircraft,

Examples of the "Control Augmentation System' mechanization
are the F-14, F-15, F-111, and A-7 fighter-bomber aircraft.

Stability augmentation systems and/or the variant 'SCAS"
have been used on most recent commercial and military aircraft
which do not use Fly-By-Wire or CAS mechanizations.

Current Fly-By-Wire System Design

The aircraft manufacturers who have built or are building
aircraft with fly-by-wire control systems, such as the

Boeing Aircraft Company with the HLH and McDonnell Douglas
with the 680-J F-4, have generated their own performance and
test requirements for the primary fly-by-wire control systems.
The control systems for these vehicles have then been subcon-
tracted to flight control suppliers for manufacture. The
specifications were generated on the basis of the aircraft
requirements for both performance and reliability. This same
procedure is being followed on the Space Shuttle Program

and will probably be followed on future fly-by-wire

programs.,

As a standard practice, parallel element redundancy config-
urations for mechanizing flight control systems have been
specified. These particular configurations have been
specified primarily because of the high reliability require-
ments for the fly-by-wire system. To date, no particular
configuration has been flight tested in sufficient quantity
or for long enough time to obtain an adequate level of
statistical confidence in its reliability. The mechani-
zations generated therefore reflect different approaches
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toward minimizing anticipated "common mode" failures by
design. Both active-standby and force-sharing parallel re-
dundancy techniques have been used. For example, the Concorde
SST uses split control surfaces which are a force-sharing form
of paralle{ redundancy. However, the Concorde's individual
control channels for the surfaces also use active-standb
redundancy to allow the control channels to tolerate fai{ures
and still continue to function.

The fly-by-wire development programs to date have generally
not just investigated fly-by-wire as a technique to transmit
pilot inputs to control actuators, but have added additional
control criteria and techniques to the basic mechanization

investigation. For example:

- The 680-J program was used to investigate potential
survivability improvement with fly-by-wire techniques.

- The TAGS program was used to investigate helicopter
control techniques in addition to using a fly-by-wire
control system.

- The Lightweight Fighter Program is intended to demon-
strate the characteristics of a lightweight control
configured fighter using fly-by-wire flight control
systems. '

- The NASA F-8 program is being used to demonstrate the
characteristics of digital flight control computation
techniques in a fly-by-wire system.

In addition to di%ital flight control computer techniques, the
Space Shuttle will incorporate multiplex transmission of the

control signals.

Specific Problems Encountered in Fly-By-Wire Programs

The development programs using fly-by-wire flight control
systems have not revealed gross problem areas with the mech-
anization technique. The 680-J program had some wire fraying
problems in the system installation. The TAGS program re-
vealed sensor mismatch problems causing computer divergence.

However, since the fly-by-wire system design depends upon
high quality cabling and connector techniques for transmis-
sion of electrical signals, it appears worthwhile to specify
cabling and connector techniques for fly-by-wire systems.
AFFDL TR-70-134, Reference 12, addresses this problem and
could be incorporated with suitable modifications into a

fly-by-wire design manual and specification.
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The problem of wiring bundle size for fly-by-wire systems and
connector integrity is still being researched by the Air Force.
The current Air Force '"Di-electric Waveguide" investigation,
"Fly-By-Wire Multiplex'" investigations, and "Fiber Optic
Transmission Techniques" investigations are all directed at
improving information transmission characteristics for fly-by-
wire systems.

The problem of getting the fly-by-wire system out of the
infant mortality reliability period and into the random fail-
ure period was solved by McDonnell Douglas by conducting a
burn-in testing program for fly-by-wire electrical components,

COMPONENT LEVEL HARDWARE AND SPECIFICATION EVALUATION

The components used in fly-by-wire systems are generally
specified by the aircraft manufacturers to conform with flight
control system configuration and performance and will vary
from aircraft to aircraft,

The electrical components are similar or identical to those
used in automatic flight control systems which have been
flying for some time. Component specifications and standards,
of which the Specification Tree described by Figure 12 is
typical, exist along with much more adequate reliability and
maintainability data and cstablished methodology than for
mechanical components. This is because R&M started with the
need to improve electronic equipment, and adequate data bases
were established with MIL-STD-217, FARADA, etc., for elec-
tronic components,

Applicable electrical and electronic component specifications
should be upgraded for use in critical R&M applications in
the same manner as recommended by this study for mechanical
components.

RESEARCH AND DEVELOPMENT RECOMMENDATIONS

Since NASA, the Air Force, and the Army are currently funding
alrcraft development programs which incorporate pure fly-by-
wire primary flight control systems, monitoring of these pro-
grams as to their particular design and test requirements and
to their particular approach to some of the following research
areas is strongly recommended. The fly-by-wire system relia-
bility problem is a common one to all three programs (HLH,
Space Shuttle and Lightweight Fighter), and the procedures
used to assure adequate re%iability of the flight control
system should show some commonality.
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In addition, the following research efforts to define design
and test requirements are recommended:

- Investigation of techniques to ensure adeguately sepa-
rated, high quality electrical power for fly-by-wirc
control system channels

- Modification of MIL-F-9490 to include more stringent
requirements for component quality and installation
procedures for fly-by-wire primary flight controls

- Investigation of problems and constraints using a
digital computer as flight control signal processor
in a fly-by-wire system

These recommendations are discussed in detail in the following
sections.

Electrical Power Supply Integrity Research

The use of multichannel electronic control channels for the
primary flight controls requires the establishment of high
quality, high reliability, and separated electrical power
supplies. This requirement is analogous to the present re-
?uirements for separated hydraulic supplies for conventional
rreversible hydromechanical flight controls. The techniques
currently used in development aircraft, such as separated
bridge rectifiers from a common ac source with storage bat-
teries strapped to the output of the bridge rectifiers, incur
a significant weight and size penalty.

In fact, the electrical power supply mechanization problem
solutions to date have tended to offset completely the normal
weight and size advantages of a fly-by-wire mechanization
approach compared to conventional mechanizations. The program
objective should be to investigate techniques to provide elec-
trical power supply having maximum reliability and minimum cost
and weight when compared with normal aircraft power systems.,

MIL-F-9490 Fls-By-Wire Modifications

Fly-by-wire is nothing more than a particular method of
mechanizing a flight control system, and the functional re-
quirements are generally identical to more conventional mech-
anical mechanization techniques. Therefore, MIL-F-9490, the
general specification for design, installation, and test

of flight control systems for piloted aircraft, should be
reviewed and modified to include provisions necessary for
fly-by-wire primary flight control systems. This specifica-
tion should include provisions for reference to applicable
military electrical specifications for use in designing fly-
by-wire systems.,
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In addition, the specifications and procedure documents then
referenced in MIL-F-9490 as applicable to fly-by-wire systems
should be updated for fly-by-wire requirements, as performed
for mechanical components by this investigation,

Simple System Investigation

The effect of applying a simple fiy-by-wire system to a basic
Army helicopter with emphasis on dispersion of control chan-
nels should be evaluated. The emphasis should be on deter-
mining whether fly-by-wire systems would have a significant
benefit on survivability of a light and/or medium helicopter
with the present state-of-the-art fly-by-wire technology.

The study should also determine the general redundancy con-
figurations required to duplicate the helicopter's hydro-
mechanical control system reliability,

Digital Computer Utility Investigation

Based on the present trend in small computers, it is probable
that a digital computer will eventually be used as a flight
control signal processor in conjunction with weapons delivery
systems. It is therefore recommended that the problems and
design constraints for incorporating a digital computer pro-
cessor into a helicopter flight control system be documented.
Although this has been investigated to some extent in the
TAGS program, the reliability constraints, such as what con-
stitutes common mode failure conditions and the redundancy
requirements for flight control computers, have not been in-
vesti%ated in any detail, This study should document the
interface requirements, reliability range, and performance
limitations of flight control type computers.
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FLUIDIC FLIGHT CONTROL SYSTEM DESIGN

INTRODUCTION

The objective of this study was to develop the criteria which
would assist in the research and development of a primary
fluidic flight control system specification. Reliability and
redundancy requirements for these systems were also included in
the objective.

The struy included the following tasks in the approach:

- Assess and report existing specifications and state-of~-
the-art documentation of fluidic flight control systems.

- Contact technical associations, military agencies and
the helicopter flight control industry for developments,
unpublished information, and planned and on-going
research.

- Prepare a report bibliography on those fluidic R&D
efforts that have been related to flight controls.

- Prepare a research study report recommending future R&D
efforts required to define (1) design and test require-
ments, (2) quality assurance provisions, and (3) quali-
fication requirements, procedures, and practices for
these components in future Army aircraft.

SYSTEM LEVEL HARDWARE AND DOCUMENTATION EVALUATION

Definitions

Fluidics is the general field of fluid devices or systems that
perform sensing, logic, amplification, processing, control,
and display functions employing devices with few or no moving
parts. Fluidic devices without moving parts are termed
flueric devices, while the more general term, fluidic, refers
to devices that may or may not have moving parts. Fluidic
systems operate either with a gas or fluid and use the various
phenomena of fluids in motion to perform these functions.

For the purpose of this study, a flight control system is taken
to include the primary controls, stability augmentation, auto-
matic pilot functions and artificial stick feel. 1In defining

a fluidic primary flight control system, three basic elements
are known to exist: the signal generator, the signal trans-
mitter, and the power interface.
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System Hardware

The evaluation of existing fluidic systems that have or could
be applied to helicopter flight control systems revealed that
a significant amount of R&D had been done on the secondary
controls while little effort had been devoted to the primary
controls. The secondary functions are defined as those which
include stability augmentation, automatic pilot and artificial
feel, while the primary controls are those through which the
pilot maintains control of the helicopter.

Much of the fluidic flight control R&D effort to date has been
performed by Honeywell, Incorporated, and the General Electric
Company .

Since 1965, Eustis Directorate of the U.S. Army Air Mobility
Research and Development Laboratory has directed the research
and development of fluidic stability augmentation for helicop-
ters. This work has progressed from the demonstration of a
yaw damper to the present-day effort which involves an advanced
fluidic flight control system. This advanced system includes
fluidic stability augmentation with a limited authority elec-
tronic autopilot that interfaces with the fluidic system. The
procedure established by Eustis Directorate for development
and flight test of stability augmentation systems is briefly
outlined in the following steps:

1. Establish the technical feasibility of a simple hydro-
fluidic system,

2. Demonstrate the reliability of hydrofluidic systems.

3. Confirm feasibility with actual flight test of a
single~axis system.

4. Prove the merits of hydrofluidics through development
and flight test of a three-axis SAS integrated into
the helicopter hydraulic system.

5. Demonstrate the capabilities of hydrofluidic systems
to provide outer-loop modes, such as heading hold,
altitude hold, and attitude hold.

Eustis Directorate is currently on Step Number 5 with the
flight test of a system in a UH-1IM helicopter. In addition
to this test plan, Eustis Directorate and Naval Air Develop-
ment Center are in a joint effort to install fluidic SAS in a
number of helicopters to accumulate 1 year flying time. Re-
sulting from this program will be much needed reliability and
maintainability data for fluidic systems.
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Fluidic artificial feel systems have been studied by Boeing

and the U.S. Navy. These systems are to provide the pilot with
a force on the stick position proportional to dynamic flight
parameters such as helicopter normal acceleration and forward

airspeed.

The system hardware that has been developed includes primary
flight control system peripheral equipment only.

The Selected Bibliography lists those efforts related to the
above outline and also describes other R&D efforts related to
artificial feel and automatic pilot functions. The reports
indicate that vortex and laminar rate sensors, fluidic input
servo actuators, fluidic servo valves, and fluidic pressure
feedback devices have been developed in recent years. It is
believed that most of these developments may be applied to
fluidic primary flight control systems. The reports further
indicate that no research and development directly related to

a primary fluidic flight control system has been accomplished
to date. 1In addition, Appendix H, the list of on-going fluidic
research, indicates that there are no current projects directed
toward research of primary controls.

Several possible fluidic primary flight control system con-
figurations have been found to exist. Some of these applica-
tions have not been studied in detail, although the concepts
appear to be sound and some of the applications have been
demonstrated. Following are those systems which have been
researched:

- AC Position Servo. - This system was designed and built
by the General Electric Company of Schenectady, New York.
It is a fluidic system which operates on air and creates
a modulating pressure. The frequency of this pressure
is dependent upon the size of a variable volume capaci-
tor. If this modulating pressure is passed through a
second variable volume capacitor, a phase shift will
occur if the second capacitor is not of the same value
as the first. This phase shift can be detected by a
phase discriminator and amplified to control an actuator.
As depicted by Figure 13, the command resonator (first
capacitor) can be connected to the pilot's controls and
the feedback resonator (second capacitor) is connected
to the actuator. Movement from some neutral position
of the command resonator will cause an error signal to
drive the actuator. As the actuator moves, the error
approaches zero, at which time the actuator ceases to
move,
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A breadboard model of this fluidic system was evaluated
in the laboratories of Bell Helicopter in early 1973.
As the system was configured, it was unacceptable for
accurate position control. Changes to improve the
performance of the system were studied and further work
was planned; however, higher priority projects have de~
layed this effort. The system was evaluated further in
a study of the AH-1G flight control system. The study
was for a more survivable flight control system. It
was determined to be feasible to package the system in
the helicopter in parallel with the existing mechanical
flight control system. The fluidic system was determined
to be less desirable than other systems in this heli-
copter, primarily because a source of pneumatic power
would be required. The power required would have to be
derived from either the engine bleed air or from a
pneumatic pump added to the aircraft.

DC Position Control. This system is a mechanization
which also has been considered by Bell as a flight con-
trol system. The system, shown schematically in

Figure 14, uses a tapered spool in a sleeve to create

a pressure differential that is proportional to spool
position. This system was considered during the study
of the AH-1G flight control system, but was eliminated
as a candidate system at that time because the state-
of-the-art was not sufficiently developed.
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- Hydraulic Slave System. This self-contained system
utIlizes a fluld as an incompressible link from the
pilot to the flight control actuator. The pilot's
stick positions a master actuator that moves fluid
to position a slave actuator. Bell designed and
fabricated this system and completed laboratory tests
early in 1973, The concept was determined to be feas-
ible and is currently being considered as a candidate
flight control system in the AH-1G helicopter.

- Remote Servo Valve System. This arrangement is one
wherein the conventional mechanical input servoactua-
tor is modified. The servo valve is removed from the
actuator and is placed at the pilot's stick., Hydraulic
tubes are used to transmit the fluid from the servo
valve to the actuator. This concept also replaces all
the mechanical linkage with hydraulic tubes.

- Flapper-Nozzle Servo Valve. This conceptual system is
very similar to the one described above except that
the servo valve is replaced with a mechanical input
flapper-nozzle servo valve,

- Fly-By-Tube. Presently, Honeywell is under contract
to study this concept. Apparently, this is similar
to the Hydraulic Slave System that was developed by
Bell,

System Specification

Cu. rently, no system specification exists for a primary fluidic
flight control system. Specification MIL-F-9490 is used by the
Army for definition of mechanical flight control systems, but
this specification does not directly address a fluid system.
Those specifications that cover hydraulic and pneumatic sys-
tems, namely MIL-H-5440 and MIL-P-5518, generally apply to
systems that supply power. These would not be sufficient
definition for a fluidic flight control system.

Only two documents are known to exist that deal directly with
fluidics. MIL-STD-1306 concerns the terminology and symbols
for fluidics,while MIL-STD-1361 defines standard methods for
the test of fluidic devices. These two documents will com-
plement a fluidic system specification.

Figure 15 is a groposed Specification Tree which indicates the
areas where a fluidic system specification is needed.
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COMPONENT LEVEL HARDWARE AND SPECIFICATION EVALUATION

Hardware Evaluation

Little hardware has been developed to date which may be applied
specifically to the design of a fluidic primary flight control
system, Most of the hardware which has been developed was
designed for use in secondary flight controls. The prime ex-
amples of this secondary system hardware are the fluidic sta-
bility augmentation systems which have been developed. The
hardware for these systems is now being qualified to the
requirements of MIL-STD-810. The fluidic input servo valve

is an example of one of the more important recent develop-
ments which can be used in the mechanization of a fluidic
primary flight control system, Components which may be de-
veloped today for fluidic primary flight control systems are
somewhat common devices and of tKe current state of the art.

Component Documentation Evaluation

As shown in the Specification Tree in Figure 15, few specifica-
tions exist for fluidic components. In the case of an actua-
tor, which probablg is best termed a hydraulic or pneumatic
component, applicable specifications do exist. MIL-C-5503

is a military specification covering utility actuators and

can be used as a guide in the design of an actuator for a
fluidic application. The pure flueric devices are not covered
by design documentation, although MIL-STD-1361 can be used as

a guide for functional tests.

FLUIDIC FLIGHT CONTROL SYSTEM AND COMPONENT RELIABILITY AND
MAINTATNABILITY

The premise that a device with no or few moving parts that
performs a function by virtue of low pressure fluids in motion
is inherently reliable and requires little maintenance seems

to be plausible. Early testing of fluidic devices met with
enough success that good reliability and maintainability seemed
inevitable.

In 1967, the U.S. Army awarded a contract to determine the
reliability of a fluidic stability augmentation system and
the components of that system. Resulting from the contract
was USAAVLABS TR 68-36. This report predicted a mean-time-
between-failures of 83,000 hours for a single-axis fluidic
stability augmentation system. The report also predicted
the reliability of a comparable electromechanical system at
9,000 hours MTBF. Some aspects of the evaluation are:
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- Small time base. The components and systems were
operated without failure for approximately 45,000
hours.

- No failure occurred. This results in an undefinable
failure rate.

- The Poisson distribution was used to establish
theoretical failure rates. These rates were deter-
mined at the 50 percent confidence level,

- Improved failure rates used to predict 83,000 hours
MTBF were derived by decreasing the failure rates
defined by the Puisson distribution. Adequate justi-
fication for improving those failure rates was not
included in the report.

- Some of the hardware tested was prototype and some
design changes were required in order to satisfactorily
complete the tests.

It is for the above reasons that the failure rates derived
from the test report are without adequate substantiation.

Table 4 1lists those fluidic components that either have no
published failure rate data or for which inadequate data were
found. 1In those cases where data were found, they are listed.

The task of establishing a reliability and maintainability

data bank is not unique to a fluidic flight control system

and must be accomplished for R&M design of such systems,

This task is included in the research and development recom-
mendations. It is recommended that periodic R&M results of the
system and component testing be published and periodicalliy up-
dated.

The documentation, literature and industry surveys of this
study have resulted in the following conclusions:

1. Specifications do not exist for fluidic systems and
flight control components.

2. Adequate component reliability and maintainability
data do not exist.

3. Fluidic position controllers are available that might
be applied to flight control system design.

4. Aircraft criteria to establish interface, redundancy/
reliability and fail-safety requirements as addressed
to fluidic primary flight control systems have not
been defined.
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The general conclusion is that extensive research and develop~
ment remains to be performed in order to define a primary
fluidic flight control system. Some expertise in the fluidic
technology is required in this R&D. The helicopter manu-
facturers and the U.S. Army must obtain this expertise in
addition to those instrument and control companies already
developing controls and jointly define the system requirements
and design criteria for these systems.

RECOMMENDATIONS FOR FUTURE RESEARCH AND DEVELOPMENT

The information gained in this study indicates that very little
research and development has been directed toward fluidic pri-
mary flight control systems even though some fluidic hardware
has been developed which can be applied. Based upon these
findings then, and upon the evolutionary needs for flight con-
trol system development, the following recommendations are made:

- Conduct design studies of flight control systems, as
indicated by this investigation.

- Designate most favorable systems for hardware test
and evaluation, and fabricate test bed systems.

- Conduct design and test evaluation on selected fluidic
components such as for signal generation, signal trans-
mission and power interface.

- Initiate both system and component R&M tests and evalu-
ations using the test bed simulators,

- Develop specifications which will include R&M require-
ments sufficient to develop a fluidic flight control
systems specification tree as the technology advances.

Figure 16 is a suggested flow chart for a Fluidic Flight Con-
trol System R&D program., This investigation is the initial
block in the diagram, entitled Fluidic FCS Study. The alter-
nate paths to the Fluidics FCS specification are numbered to
facilitate visibility,

Path 1

This is the mainstream of R&D that should follow from
these recommendations. Several possible primary system
mechanizations are mentioned in the prior description of
system hardware. These and other mechanizations should
be considered for further research and study in the phase
depicted by the block noted as Fluidic-FCS Definitionm,
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TABLE 4 ., FLUERIC/FLUIDIC

COMPONENT FAILURE RATES

Failure Rate

Component %/1000 Hours
1. Amplifier 1,251
a. Closed Jet-Deflection -
b. Vented Jet-Deflection -
c. Boundary Layer -
d. Impact Modulator -
e. Turbulence -
f. Vortex -
g. Wall Attachment -
i. Analog -
2. Logic Elements
a. Flip-Flop -
b. Binary Counter -
c. OR=-NOR -
d. AND-NAND -
e. Schmitt Trigger -
f. Exclusive OR =
g. 2/3 AND -
h. Exclusive OR -
i. Passive OR -
3. Sensors
a. Vortex Rate Sensor 1.441
b. Laminar Rate Sensor -
4, Transducers
a. Pressure (U-Tube) -
5. Circuit Elements
a. Capacitor 1.421
b. Resistor -
c. Diode -
d. Inductor -
1

Table II of USAAVLABS TR 68-36.
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At this point, contracts should be initiated to study
fluidic primary flight control system mechanizations.

Path 2

Also, the U.S. Army should establish helicopter flight
control system design criteria. In order to establish
goals and to compare various means of mechanizing these
systems, a criterion must be established. This criterion
should include but not be limited to the following items:
1. Interface

a. Stability augmentation

pb. Automatic pilot functions

c. Artificial feel
2. Reliability Requirements

a. Required mean-time-to-failure

b. Redundancy

3. Maintainability Requirements

a. Required maximum repair time with stated confidence,
mean-time-to-repair, or maintenance hours per flight
hour

b. Failure detection
c. Built-in test equipment

d. Standardization
4, Survivability
5. Performance
Path 3
Component evaluation should include any miscellaneous
tests required to support the overall development of a

fluidic primary flight control system. At this time, the
following items require further evaluation.
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Component R&M Performance

Power Interface X X
All Fluidic Components X
(amplifier, gates, etc.)

Position Transducer X X
Signal Transmission X X

As shown, some items require evaluation and development
for performance while others primarily require reliability
testing. This reliability data requirement is not con-
sidered unique to the development of a fluidic primary
flight control system specification, but is common to the
development of most system specifications.

Path &4

The results of the component evaluations should be re-
ported on a periodic basis in order to make this informa-
tion available to the system mechanization studies.

Path 5

The aircraft flight control system criteria should be a
basis for the studies of the fluidic primary flight con-
trol system definition,

Paths 6, 7

Resulting from this study, and shown in Figure 15, is a
preliminary specification tree. As R&D progresses, this
r.ree should be completely defined.

Paths 8, 9

The results of the system definition studies should be
used to update the specification tree and to create the
system specification,

Paths 10, 11

Those systems that warrant fabrication and further develop-
ment should be built for testing on a simulator. This
could either be a simulator supplied by the Army or it
could be an inexpensive breadboard. A simulator should
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also be available for reliability and maintainability
demonstration tests. These tests and demonstrations
should provide inputs to the design, test, and quality
assurance sections of the system specification.

Path 12

As the specifications of the tree become completely defined
they will become a set of general requirements for all
aspects of fluidic system and component design, qualifica-
tion, and product acceptance.
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APPENDIX A

TYPICAL HELICOPTER FLIGHT CONTROL SYSTEM (AH-1G)

In order to improve today's helicopter flight control system
from the R&M standpoint, it would be helpful to consider a
typical system. The Bell AH-1G has been chosen as a typical
example of present-day helicopter flight control system de-
sign, and it contains most of the types of components required
of this study.

The AH-1G primary flight control subsystems are the main rotor
collective, fore-and-aft cyclic and lateral cycli., and the
tail rotor controls. Each of these is a system of mechanical
linkage assisted b¥ hydraulic servo cylinders, connecting the
pilot's and gunnet's control sticks and pedals to those mech-
anisms which rotate with and directly control the main rotor
and tail rotor. Main rotor cyclic and tail rotor controls
incorporate electrically operated force trims to steady the
stick and pedals against movement of their own accord and to
induce artificial control feel, and also provide optional use
of a stability and control augmentation system (SCAS) when

a mission requires more stable flight than is possible with
normal manual control. A secondary system of control linkage
connects the synchronized elevator to the fore-and-aft cyclic
controls at the swashplate.

Collective Controls

The collective control system, Figure A-1, includes gunner's
and pilot's stick assemblies, push-pull tubes, bellcranks,
and a dual hydraulic servo cylinder, connected to a lever
which actuates the mast-mounted sleeve and scissors assembly
and its linkage to the main rotor.

Pilot's collective control stick is on the left side console.
The stick assembly includes a switch box and electrical
cable, a knobbed friction nut and rotatin% throttle grip for
manual setting of the fuel control power lever, a knurled

nut for control stick friction, a protective cover and boot,
and a support assembly containing friction devices and having
a bellcrank and throttle lever for control linkages. A strap
with snap attachment is provided on the console to secure the
control stick in low pitch position,

Gunner's Collective Control Stick

The collective control stick mounted in the gunner's left
side console is a dual control for occasional or emergency
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use, and has only the essential functions of collective
pitch control and throttle control. There are no friction
adjustments or electrical switches.,

Collective Control Reliability and Maintainability

Figure A-2 represents the Collective Control Reliability
Block Diagram and Mathematical Model. Tables A-1 through
A-3 show the typical failure rates for the linkage ele-
ment groups for use with Figure A-2. The predicted 1-
hour flight reliability for the collective control
installation using these typical failure rates is

R(1 Hr.) = 0.999715
coL

Navy 3-M data appears to be the only data source for the
AH-1G maintainability evaluation. The AH-1C collective
system has & reported maintenance man-hours/flight hour,
based on 34,259 flight hours through January 1973, of
MMH/FH = 0,021551. The hydraulic components contributed
MMH/FH = 0.013770 to this figure,

Cycl c Controls

The main rotor cyclic controls consist of interconnected con-
trol sticks in pilot's and gunner's compartments, and two
separate systems of linkage to the swashplate. Each of the
cyclic systems includes a dual hydraulic cylinder, a servo
actuator and a transducer of the SCAS, and a force trim magne-
tic brake connected to control linkage through a spring-
loaded force gradient assembly.

The fore-and-aft cyclic controls, Figure A-3, extend aft from
the control sticks to a jackshaft, then downward at the right
side of fuselage to pass aft below the forward fuel cell,

then upward to the hydraulic cylinder which is connected on
the right forward horn of the swashplate.

The lateral cyclic controls, Figure A-4, are interconnected be-
tween control sticks at the right side of the fuselage, then
extend aft and to the left side, passing downward and aft be-
low the forward fuel cell, then upward to the hydraulic cyl-
inder which is connected on the left forward horn of the swash-
plate.

Pilot's Cyclic Control Stick

The conventional type control stick, mounted in the floor
ahead of the pilot's seat, consists of a grip with control
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Table A-1. AH=1G GUNNER'S COLLECTIVE CONTROLS AND LINKAGE -
FAILURE RATES
Failure Rate * Failure Rate
Component Per Component Quantity Per Group

Collective Control 29 1 29
Stick
Control Tube 19 5 95
Idler 10 1 10
Bearings 10 12 120
Lever Assembly 10 1 10
TOTAL : : AGCOL = 264%

% Failure Rate per 1,000,000 flight hours
BHC M&R Data (All Maintenance Levels)

TABLE A-2. AH-1G PILOT'S COLLECTIVE CONTROLS AND LINKAGE -
FAILURE RATES

Failure Rate * Failure Rate
Component Per Component Quantity Per Group
Collective Control 29 1 29
Stick
Cover 10 1 10
Lever Assembly 10 1 10
Bearings 10 4 40 |
ApcoL = 89"

* Failure Rate per 1,000,000 flight hours
BHC M&R Data (All Maintenance Levels)
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TABLE A-3. AH-1G COMMON COLLECTIVE LINKAGE - FAILURE RATES

Failure Rate * Failure Rate
Component Per Component Quantity Per Group
Control Tubes 19 4 76
Bellcranks 2
Supports 1
Bearings 10 8 80
Hydraulic Valve & Cylinder 126 1 126

‘\LCOL = 285*

* Failure Rate pe. .,000,000 flight hours
BHC M&R Data (All Maintenance Levels)
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Figure A-3. Fore-and-Aft Cyclic Controls.

93




ETAINING NUT

=3 -—R

HYDRAULIC CYLINDER VALVE

GUNNER'’S CYCLIC CONTROL STICK
(BOOT NOT SHOWN)

PILOT'S CYCLIC CONTROL STICK ==

CONTROL TUBE (FORE & AFT)

Lotallt il e BELLCRANK AND SUPPORT
1
Lonce GRADIENT
SELLCAANK ANDEUPPORT SERVO ACTUATOR (SCAS)
CONTROL LINK
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switches on a stick assembly which is mounted through
gimbal bearings in a bell-shaped support.

Gunner's Cyclic Control Stick

The cyclic control stick, mounted on the gunner's right
side console, consists of a grip with control switches on
a short stick, attached on a support through pivots which
allow fore-and-aft and lateral movements.

Cyclic Control Force Trim

A magnetic brake and force gradient installation is used,
in each of the two cyclic control systems, for stick cen-
tering and force trim functions. e brake is secured to
the airframe structure and has an arm on its rotary shaft.
The arm is free to move when the force trim switch on
either cyclic stick is depressed. The arm can be braked
and held at any point in its travel by releasing the
switch. The force gradient is a link equipped with an
internal spring, and connects the brake arm to a jack-
shaft or bellcrank in the cyclic control system. The
brake and force gradient assemblies are alike for the
lateral and fore-and-aft cyclic systems.

Cyclic and Elevator Control Reliability and
Maintalnabllity

Figure A-5 represents the Cyclic Control Reliability Block
Diagram and Mathematical Model. Tables A-4 through A-7
show the typical failure rate for the linkage element
groups for use with Figure A-5., The predicted 1-hour
flight reliability for the cyclic control installation
using these typical failure rates is

R(1 Hr.) = 0.999377
CYC

Navy 3-M data reports maintenance man-hours/flight hour,
based upon 34,259 flight hours through January 1973 for
the AH-1G cyclic controls of MMH/FH = 0.083401. The
hydraulic components contributed MMH/FH = 0.041310 to
this figure.

Tail Rotor Controls (Figures A-6 and A-7)

Two sets of control pedals are provided, for pilot and gunner,
with mechanical linkage extending aft along the lower right
side of fuselage to a hydraulic cylinder, which is mounted just
ahead of the tail boom., From the hydraulic cylinder, push-
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TABLE A-4, AH-1G PILOT'S CYCLIC CONTROLS AND LINKAGE -
FATLURE RATES

Failure Rate ** Failure Rate
Component Per Component Quantity Per Group
Pilot's Cyclic Control 29 1 29
Stick
Control Tubes 19 1 19
Bearings 10 2 20
Apcyc = 68%*

* Failure Rate per 1,000,000 flight hours
BHC M&R Data (All Maintenance Levels)

TABLE A-5., AH-1G GUNNER'S CYCLIC CONTROLS AND LINKAGE -
FAILURE RATES

Failure Rate * Failure Rate

Component Per Component Quantity Per Group
Cyclic Control Stick 29 1 29
Control Tubes 19 4 76
Bearings 10 14 140
Idler 10 1 10
Bellcrank 1 1 1
Supports 1 1 1

ocye = 297*

* Failure Rate per 1,000,000 flight hours
BHC M&R Data (All Maintenance Levels)
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TABLE A-6. AH-1G COMMON CYCLIC LINKAGE - FAILURE RATES

Failure Rate * Failure Rate
Component Per Component Quantity Per Group
Jackshaft 1 1 1
Control Tubes 19 15 285
Bellcranks 1 9 9
Supports 1 8 8
Fixed Stops 10 1 10
Lift Beam 10 1 10
Guides 1 4 4
Hydraulic Valve 126 2 252
& Cylinder
Meye = 579%

* Failure Rate per 1,000,000 flight hours
BHC M&R Data (All Maintenance Levels)

TABLE A-7. AH-1G CYCLIC CONTROL COMPONENTS - FAILURE RATES

Failure Rate * Failure Rate

Component Per Component Quantity Per Group
Magnetic Brake 29 1 29
Force Gradient 10 2 20

% Failure Rate per 1,000,000 flight hours
BHC M&R Data (All Maintenance Levels)
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Figure A-6. Tail Rotor Controls - Forward.

99



*3J¥ - Syoajuo) Io3oy [TIel

suld pieng —

$9|qe) paem.io]

siauseg biy peads yoeag A3|ing

PSR A 531089 Yy

g ureyd

buisnoy pue
11Inp jonuo)

*(-V 2an313

i,

& ...r..
=

Aaqn] jonuo)d

Jueapenpd)

100



pull tubes extend through the right side of the tail boom to
a horizontally mounted cable quadrant. Cables from the quad-
rant are routed aft and up on the vertical fin to a roller
chain operating over a control quill sprocket on the right
side of the tail rotor 90-degree gearbox. The control quill
actuates a rod within the tail rotor shaft,causing control
movements of the crosshead and attached links to the tail
rotor blades.

Tail Rotor Pedals

Pilot's and gunner's pedal installations are alike, each
having a pair of perils pivoted in a support attached
under the floor. Pedals are connected by short links to
a bellcrank mounted on an adjuster, which allows pedal
settings according to the operator's reach. A protective
boot covers openings around pedals.

Tail Rotor Control Force Trim

A magnetic brake and force quadient installation is used
in tail rotor controls for centering and force trim func-
Lions. The brake is secured on the right main beams, and
t.as an arm on its rotary shaft., The arm is free to move
wiaen the force trim switch on either C{clic stick is de-
pressed. The arm can be braked and held at any point in
its travel by releasing the switch. The force gradient is
a link with an internal spring, and connects the brake arm
to a bellcrank in the tail rotor control system.

Tail Rotor Control Cables and Quadrant

The cable quandrant is located immediately aft of the ele-
vator mounting point, and is accessible through a door in
the underside of the boom, Two sets of cables, joined by
speed-ring turnbuckles, are installed through falrleads
and pulleys between the quadrant and the control quill
roller chain. Cables are prestretched and proof-loaded
assemblies, made of corrosion-resistant steel 1/8 inch
diameter, 7 x 19 cable. The forward pair are approxi-
mately 99.3 inches long, each with a ball-and-washer ter-
minal and a threaded terminal. The aft pair are approxi-
mately 27.3 inches long, each with a speed-rig body ter-
minal and a ball-and-fork end strap.

Tail Rotor Control Quill

Tail rotor blade pitch control is accomplished by means of
a control quill mounted into the right side of the tail

rotor 90-degree gearbox, with a control rod extending
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tihrough the hollow rotor shaft to a crosshead attached by
links to the tail rotor blades. The control quill is
actuated by the control cables through a roller chain
operating over a sprocket., This rotary motion acts
through worm threads to cause linear movem¢ it of the con-
trol tube, crosshead and pitch change links, The chain
and sprocket are protected by a guard, and enclosed in a
metal housing pan with a removable cover.

Directional Control Reliability and Maintainability

Figure A-8 represents the Directional Control Reliabilit
Block Diagram and Mathematical Model. Tables A-8 throug
A-11 show the typical unscheduled maintenance failure rates
for the linkage element groups for use with Figure A-8., The
predicted 2-hour flight reliability for the directional
control installation using these typical rates is

R(1 Hr.) = 0.996536.
DIR

Navy 3-M data reports maintenance man-hours/flight hou -.
based upon 34,259 flight hours through January 1973, .or
the AH-1G directional controls of MMH/FH = 0.009919.

Elevator Controls

The elevator, Figure A-9, is actuated by movements of the fore-
and-aft cyclic controls, through a series of control tubes

and bellcranks between the elevator control horn in the tail
boom and the right forward horn of the swashplate. Relia-
bility for elevator controls is considered integral with
fore-and-aft cyclic controls in Figures A-3 and A-5.

The AH-1G Stability and Control Augmentation System (SCAS)

This is described as a three-axis stability and control aug-
mentation system, integrated into the conventional helicopter
fore-and-aft, lateral and directional flight controls. SCAS
provides a highly damped airframe for external disturbances

and maintains high quality flight handling characteristics.

The Cobra possesses many of the UH-1 features but has added
new and improved designs, among which are a stable weapons
delivery platform, increased speed, increased armor and
increased and improved armament capabilities.

One of the primary requirements for an Armed Aerial Fire Sup-
port Weapons System is a stable weapons delivery platform,
The development of SCAS for the AH-1G centered around providing

this capability.
102



*I9POW TEOTITWSYIEN pue
weile1q o074 AITTIQETIT9Y [0IIUOD TEBUOTIOIIIQ DHI-HV °§-V 2anSt1J

o 9% 9x o9~ ) 209y dy + ?| = Auvacm
uomaa.. umeﬂ&u u..—oodl uUQ&«n uonu«: Unm< u8m<|
a0
Agpuey » un ouwa
i S I Qo)
saTaoy ] TFUCTIdRaIq e—Isuund
J 8, I3uuny
o4a gWd 1an
JuaTpeas Iyeag afequr
32109 2TI9uley o 5
2ad
¥ ﬂm o WA
10313u0)
[euoy3odaxiq [* F°THd
§,30T1Hd

103



TABLE A-8, AH-1G PILO. S DIRECTIONAL CONTROLS AND LINKAGE -
FAILURE RATES

Failure Rate * Failure Rate

Component Per Component Quantity Per Group
Pedals 50 2 100
Control Tube 19 1 1
Bellcrank 1 1 1
Support 10 2 20
Bearings 10 9 90

APDC = 212*

% Failure Rate per 1,000,000 flight hours
BHC M&R Data (All Maintenance Levels)
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TABLE A-9, AH-1G GUNNER'S DIRECTIONAL CONTROLS AND LINKAGE ~
FAILURE RATES

Failure Rate * Failure Rate

Component Per Component Quantity Per Group
Pedals 50 2 100
Control Tubes 19 3 57
Bellcranks 1 2 2
Supports 10 3 30
Bearings 10 12 120

% Failure Rate per 1,000,000 flight hours
BHC M&R Data (All Maintenance Levels)
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TABLE A-10. AH-1G COMMON DIRECTIONAL LINKAGE - FAILURE RATES

Failure Rate * Failure Rate

Component Per Component Quantity Per Group
Control Tubes 19 7 133
Bellcranks 1 2 2
Supports 10 3 30
Lever 1 3 3
Guides 1 3 3
Quadrant 50 1 o
Cables 585 4 2340
Pulleys 50 4 200
Brackets 10 2 20
Chain 586 1 586
Control Quill & Housing 58 1 58

ACDL = 3425%

* Failure Rate per 1,000,000 flight hours
BHC M&R Data (All Maintenance Levels)
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TABLE A-1l. AH-1G DIRECTIONAL COMPONENTS - FAILURE RATES

Failure Rate * Failure Rate

Component Per Component Quantity Per Group
Magnetic Brake 29 1 29
Force Gradient 10 1 10

* Failure Rate per_ 1,000,000 fliEht hours
BHC M&R Data ?All Maintenance Levels
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Airframe movement and attitude changes that result from
weapons firing or recoil, or from wind gust conditions, are
dampened to give the helicopter the needed stability to be-
come a weapons delivery platform.

The stability system retains positive high-quality flight
control response characteristics or flight handling char-
acteristics for pilot inputs to the flight control system.

In other words, the pilot has the capability of "flying' the
helicopter at all times, without working against the stability

system.

The SCAS components consist of two circuit breakers for pro-
tection and power, a control panel, the sensor amplifier unit
containing three rate gyros, three electrohydraulic servo
actuators containing a servo valve, threc control motion
transducers, threc solenoid-controlled hydraulic valves and
the associated electrical network.

The control panel provides the pilot operational control of
SCAS. The sensor-amplified unit is operationally the center
of SCAS. The servo valves are positioned by electrical sig-
nals tc port hydraulic pressure to extend or retract the
threc «<ervo actuators. The control motion transducers sense
pilot .ontrol input to feed in an electrical signal to SCAS.
The solenoid valves are energized open to furnish airframe
hydraulic power to operate actuators.

Rate gyros provide the electrical signals for airframe dampen-
ing against external disturbances. Control moticn transducers
provide a compensating electrical signal during pilot control

irputs to prevent the SCAS from opposing the pilot's inputs.

A pylon compensator unit is located aft and ahove the sensor
amplifier unit, and two pvlon transducers are mounted on the
transmission for retardation of pylon oscillation. Pylon
position information is provided by the transducers to the
compensator unit, which in turn uses the pitch pylon motion
to apply corrective signals into the roll channel.

i have been
The two transducers that were installed on the pylon
changed to a single transducer mounted between the fifth mount
and the tail rotor drive shaft quill. This provides pitch
motion but does not sense roll, and eliminates one transducer

and still provides the pylon position information.

SCAS Reliability and Maintainability

Table A-12 represents typical failure rates for the ele-~
ment groups which compose the SCAS. These groups, for
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TABLE A-12, AH-1G SCAS = FAILURE RATES

Failure Rate * Failure Rate

Component Per Component Quantity Per Group
Control Panel 175 1 175
Sensor Amplifier Unit 2244 1 2244
Control Motion Trans- 75 3 225
ducer
Electrohydraulic 60 3 1¢
Actuator
Electric Solenoid Valve 10 3 30
Pylon Compensation Unit 145 1 145
Pylon Motion Transducer 75 1 75
TOTAL SCAS ASCAS = 3481%

* Failure Rate per 1,000,000 flight hours
Navy 3-M Data
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the purpose of estimating reliability, may be considered

in series. The predicted l-hour flight reliability for
the SCAS installation would then be

R(1 Hr,) = 0.996519.
SCAS

Navy 3-M data reports maintenance man-hours/flight hour,
based upon 34,259 flight hours through January 1973 for
the AH-1G SCAS of MMH/FH = 0.012362.

AH-1G Flight Control System Reliability and Maintainability

Figure A-10 represents the AH-1G Flight Control System Relia-
bility Block Dga ram and Mathematica% Model. Using the
reliabilities calculated for each of the subsystems in Fig-
ures A-1 through A-10 and Tables A-1 through A-10, the

R(1 Hr.) = .992165.,
AH-1G

This estimate is based upon all unscheduled maintenance-type
failures and includes defects which may be classified major
and minor not requiring nmission abort or causing hazard
levels III or IV,

Navy 3-M data reports maintenance man-hours/fli%ht hour,

based upon 34,259 flight hours through January 1973, for the
AH-1G flight contcol system of MMH/FH = 0.183231.
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APPENDIX B

SPECIFICATION REVIEW CHANGE RECOMMENDATIONS -
SYSTEM

Recommended changes to the following specifications
are available from the Defense Documentation Center.
When requesting information from DDC, the title
"Supplement to Appendix B, USAAMRDL TR 74-57" and
accession number "AD A009151 " should be cited.

MIL-C-18244 - Control and Stabilization Systems:
Automatic Piloted Aircraft, General
Specification for

MIL-H-8501 - Helicopter Flying Qualities,
Requirements for

MIL-E-5400 - Electronic Equipment Aircraft,
General Specification for
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MIL-F-9490C(USAF)
Amendment 1
9 March 1966

MIL-F-9490C
13 March 1964

COMMENTS TO
MILITARY SPECIFICATION

FLIGHT CONTROL SYSTEMS - DESIGN, INSTALLATION
AND TEST OF, PILOTED AIRCRAFT,
GENERAL SPECIFICATION FOR

1. SCOPE

1.1 Scope - This specification covers the general rec iire-

ments for the design, installation and test of the operating
militar

mechanism of all flight control systems for all ¥

Fer¥d¢é piloted aircraft., In the event of conflict between
this specification and other referenced documents, the

requirements of this specification shall govern.

1.2 Classification - The flight control systems shall

include the following:
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MIL-F-9490C(USAF)

1,2,1 Primary Flight Control Systems - These are used for
controlling the aircraft flight path by means of the primary
flight control surfaces, helicopter rotor blades and tail
rotor, reaction controls, engine orientation or thrust
deflection controls, etc. (The systems shall be defined

as including all components of the system required to
provide the above functions gHd/IAEYUAIAL /Y 1€/ AUy ivig
WEdv 4/ By /gy / IR YUd I /Y UL/ oL BY/ SAX T AL EA/BY /B €S
Apodivid /dévidédl{ in order to control the flight path of

an aircraft in completing a flight or mission successfully,

and including actuation means, but not including control

surfaces or corresponding devices. The controls for the

actuation of the primary flight control system may be of
the following types: (Any type system not in these
clagsifications shall be discussed with the procuring

activity during the preliminary stages.)
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MIL-F-9490C(USAF)
Type I - Mechanical Flight Control System - A reversible

control system wherein the pilot actuates the primary control
surface or corresponding devices of the aircraft through a
set of mechanical linkages consisting of cables, pulleys,
sectors, or push-pull or torque tubes with horns, bell-

cranks, etc.

Type II - Power Boosted Flight Control System - A
reversible control system wherein the pilot effort, which
is exerted through a set of mechanical linkage, is at

some point in these linkages boosted by a power source.

Type III - Power Operated Flight Control System -
An irreversible control system wherein the pilot, through
a set of mechanical linkages or other means, actuates
a power control package which actuates the main control

surfaces or corresponding devices.

Rationale:

The successful completion of a mission on a functional
basis can be viewed as the criteria for reliability
estimates, rather than just successful flight (no loss
of aircraft), and on a mission basis, the level of
ccmplexity of the control system increases over the
level necessary for a safe flight completion. For

example, the feel system may be necessary from a

mission standpoint, but not safety of flight,
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MIL-F-9490C (USAF)
1.2.2 Secondary Flight Control Systems - These include
all controls which are used to supplement the primary
flight control system, but which are not included in
the primary flight control system. Systems such as trim,
flaps, drive recovery devices and brakes may be secondary
flight control systems. No system shall be so categorized
until analysis demonstrates that lack of performance or

malfunction will not affect safety of flight,

1.2.3 Automatic Flight Control Systems - These systems
are used to automatically augment or control, or both, the
siability, handling characteristics, and flight path of

ar. aircraft, These systems may be catagorized as part of

the primary or secondary systems, depending on their

function in relation to successful completion of the

mission and/or satety of flight.

Rationale:

AFCS systems may be required for mission completion,

1.2.4 Classification of the operational state of the

aircraft and the control systems is as follows:

Operational State I - Normal operation with respect to

mission completion and flight safety, In this state,

the aircraft satisfies MIL-F-8785 and/or MIL-F-83300

Level I flying quality requirements.,

Operational State II - Limited operation which results
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in an increase crew workload, reduction of safety

ancd/or mission effectiveness, However, the mission

can be completed, This state satisfies as a minimum

MIL-F-8785 or MIL-F-83300 Level 2 flying qualities.

Operational State III - Minimum safe operation with

degraded performance which prevents successful

mission completion but allows safe completion of

flight, This state satisfies at least MIL-F-8785

and/or MIL-F-83300 level 3 flying qualities.

Operational State IV - Controllable to an immediate

emergency landing.

Operational State V - Controllable to an e\ cuable

flight condition - limited flight control operation to

reach a flight condition where crew evacuation can

be acromplished.

Rationale:

To carry out a reliability failure mode
analysis, the operational condition of the
flight control systems need to be identified

in relation to the aircraft flying capability.
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2. APFLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of
invitation for bids or request for proposal, form a part of this
specification to the extent specified herein.

SPECIFICATIONS
Federal

Fr-B-185 Bearings, Roller, Cylindrical, .and

Beerings, Roller, Self-Aligning
Military

MIL-C-172 Cases, Bases, Mounting, ané Mounts,
Vibration (for use with Electronic
Equipment in Aircraft)

MIL-F=3541 Fittings, Lubrication

MIL-S-3950 Switches, Toggle

MIL-U-3963 Universal Joint, antifriction Bearings

MIL-B~3990 Bearings, Roller, Needle, Airframe
intifriction

MIL-E- 682 Electron Tubes and Transistors, Choice
and Applicaticn of

M L-w-5088 Viring, Aircraft, Installation of

MIL-E=5400 Electrenic Equipment, Aircraft,
Genersl Specification for

MIL-C=54 2] Cable, Steel (Corrocsion-Resisting),
Flexible, Preformed (for Aeronautical
Use)

MIL-H-5440 Hydraulic Systems, Aircraft Types 1
and II, Design, Installation, and
Data Requirements of

MIL-C-5503 Cylinders, Aeronautical, Hydraulie
hctuating, General Requirexsnts for

MIL-P-5518 Pneumetic Systems, Aircraft, Design,
Installation and Data Requirements for

MIL-B-5628 Bearings, Flain, Airfrare

MIL~-B-5629 Bearings, Rod End, Plain, Airfreme

M'L-3=5676 Splicing, Cable Terminal, Process for,
Alrcraft

AR ERY v ALY/ RLd /oh, / Tubob A de Y LLAY VY

Bofdel/ Alvobtt
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MIL--T-5684

ULy

MIL-B-5687

MIL-C~5688

MIL-C-6021

MIL-B-6038

MIL-B-6039

MIL-E-6051

MIL-T=-6117
MIL-J-6193

MIL-§8-6743
MIL~-C-6781

YIRALLEBY

MIL-P-7034
MIL-1-7064
MIL-E-7080

MIL-F-7190

MIL-V-7915

MIL-B-7949
MIL-C-7958

MIL-F-9490C(USAF)

Tie Rods, Streamline, Round and Square, Aircraft
Tohbd diVeb),/ Avehdty

Bearings, Sleeve, Washers, Thrust, Sintered,

Metal Powder, Oil-Impregnated

Cable Assembliez, Aircraft, Proof Testing

and Prestretching of

Castings, Classifization and Inspection of

(for Aeronautical Applications)

Bearings, Ball, Bellcrank, Anti-Friction,
Airframe

Bearings, Ball, Rod End, Antifriction,

Self-Aligning

Electrical-Electronic System Compatibility

and Interference Control Requirements for

Aeronautical Weapon Systems

Terminal-Cable Assemblies, Swaged Type

Joints, Universal, Plain, Light and Heavy Duty

Switches, Push Button and Limit
Control Panel, Aircrait Equipment,
Rack or Console Mounted

VA L Wsoh/ B8 LA ALY bR/, /et LY
LAt A LA /ot

Pulleys, Groove, Antifriction-Bearing,
Grease~Lubricated, Aircraft

Indicator, Position, Elevator Trim Tab
Electric Equipment, Piloted Aircraft
Installation and Selection of, General Spec-
ification for

Forgings, Steel, for Aircraft and

Special Ordnance Applications

Valves, Hydraulic, Directional Control,
Slide Selector

Bearing, Ball, Airframe, Antifriction
Controls, Push~Pull Flexible and Rigid
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MIL-M-7969

MIL-A-8064

MIL-I-8500

MIL~H-8501

MIL-S-8512

MIL-B=~858Y
MIL-M-8609

MIL~S-8698

MIL-I-E700

MIL-F-8785

MIL-A-8860

MIL-A-8861
MIL~-A-8865
M L-4-8866

MIL~A-8870

MIL-T-8878 -

M L-S-9419

MIL-C-18244

MIL-C-18375

MIL-F-9490C(USAF)

Motors, Alternating Current, 400-
Cycle, 115/200-Volt System, iircraft,
Class A and Class B, General Specifica-
tion for

Actuators and Actuating Systens, Air-
craf't, Electro~Mechanical, Generel
Requirements for

Interchangeability and Repleceability
of Component Farts for Aircraft end
Missiles '
Helicopter Flying and Ground Handling
Qualities, Genersl Requirements for
Support EZquipment, Aeronsutical,
Special, Generel Specificetion for the
Design of

breke Systems, Wheel, Aircraft, Design
of

Motors, Direct~Current, 28-Volt Systsm,
Aircraft, Class A end B, General
Specification for

Structural Design Requirements, Heli-
copters

Installation and Test of Electronic
Equipment in Aircraf't, General Speci=-
fication for

Flying Qualities of Piloted Airpleanes
Airzlane Strength and Rigidity,
Genaral Specif'ication for

Airplane Strength end Rigidity Flight
Loads

Airpleane Strength and Rigidity
Miscellaneocus Loads

Airplane Strength and Rigidity Relie-~
bility Requirements, Repeated loads,
and Fatigue

Alrplans Strength and Rigidity Vibra-
tion, Flutter, end Divergence
Turnbuckle, Positive Safetying

Switch, Toggle, Momentary, Foure-
Positicn on, Center off
Control and Stabilization Systems

Automatic Piloted Aircraft

Cable, Steel (Corrosion-Resisting,
Non-Magnetic,) Flexible, Preformed
(for Aeronautical Use)
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MIL-S-19500
MIL-N-25027

MIL-L-25142
MIL-E-25499

MIL-G-25561
MIL-P-26292
MIL-1-26600
MIL-V-27162
MILVAR4ZE687

MIL-F-83300

STANDARDS

Military

MIL-STD-105

MIL-STD-130
MIL-STD-203
MIL-STD-250
MIL-STD-4l4

MIL-STD-470

MIL-STD-471
T-9TD-

MIL-STD-78LB
Lhange
MIL-STD-7835

MIL-STD-810

MIL-F-9490C(USAF)

Semiconductor Devices, General
Specification for o
Nut, Self-Locking, 250 Deg. F.,
450 Deg. F., and 800 Deg. F.
Luminescent Material, Fluorescent
Electrical Systems, Aircraft, Design
of, General Specification for
Grip Assembly, Controller,
Aircraft, Type MC-2
Pitot and Static Pressure Systems,
Installation and Inspection of
Interferrence Control Requirements,
Aeronautical Equipment )
Valves, Servo Control, Electro-
Hydraulic, General Specification for
REXIABIYIVY /drd/Lavdey Iy /Require s
vENY A/ EXECY YN id /B IPRAENY { /BErEX A Y
Bpeciy Iday 1o /1Y
Flying Qualities of Piloted

Alrcraft

Sampling Procedures and Tables for
Insgection 52 Attributes

Identification Marking of U. S.
Military Property )

Cockpit Controls; Location and
Actuation of, for Fixed Wing Aircraft
Cockpit Controls; Location .and
Actuation of, for Helicopters
Sampling Procedures and Tables
for Inspection by Variables for
Percent Defective

Maintainability Program Require-
ments (For Systems and Equipment)
Maintainability Demonstration
Electric Power, Aircralt,
Characteristics and Utilization of

Reliability Tests, Exponential
Distribution ‘ B

Requirements for Reliabilit
Program .f"""z
Eﬁv§

ronmental Test Methods for
Aerospace and Ground Equipment
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STANDARDS
Military
MIL-STD-

i-

(Cont)
831

MIL-STD-1304A

MST50

MS15002

MS25128

MS26534
MS33540

MS33547
MS33558
MS33572

MS33574
MS33575
MS33576
MS33588

MS33591

PUBLICATIONS

MIL-F-9490C (USAF)

Test Reports, Preparation of
Lubrication of Military

Eﬁhigment

eliability Report

Fittings, Lubrication (Hydraulic)
Surface Check, 1/4-28 Taper
Threads, Steel, Type 1l

Fittings, Lubrication (Hydraulic)
Surface Check, Straight Threads,
Steel, Type II

Switches, Toggle, Single Pole,

4 Position Three-Hole Mounting
Chain, Roller, Aircraft

Safety Wiring, General Practices
for

Pins, Spring, Functional
Limitations of

Numerals and Letters, Aircraft
Instrument Dial, Standard Form of
Instrument, Pilot, Flight, Basic,
Standard Arrangement for
Helicopters

Dimensions, Basic, Cockpit, Stick-
Controlled, Fixed Wing Aircraft
Dimensions, Basic, Cockpit,
Helicopter

Dimensions, Basic, Cockpit, Wheel
Controlled, Fixed Wing Aircraft
Nuts and Plate Nuts, Self-Locking,
Aircraft, Design and Usage
Limitations of

Turnbuckles, Lock Wiring of

KIX/FEY e/ 3y Aven////RANABBBK/BE / I SY YU LB B/ Z B ¥
Sg{dﬁgggﬁ%ﬂ/ BBAY/KiY X ATy /DEALENEY 4

AR-56

AFSC DH 1-2

AFSC DH 1-4

i

Maintainability Prediction
Structural Design Requirements
for Service Hellcopters

General Design Factors Air Force
Systems Command Design Handbook
Electromagnetic Compatibilit
Environmental Engineering

System Safety

Airframe

Crew Station & Passenger
Accommodations
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PUBLICATIONS
DH 2-1 Design Handbook Series 2-0,
Aeronautical Systems, Airframe
NAS 1638 Cleanliness Requirements of

parts used in Hydraulic systems

(Copies of specifications, standards, and drawings
required by contractors in connection with specific
procurement functions should be obtained from the
procuring activity or as directed by the contracting
officer.)

2.2 Other Publications - The following documents form

a part of this specification to the extent specified here-
in, Unless otherwise indicated, the issue in effect on
date of invitation for bids or requests for proposal

shall apply.

NATIONAL AIRCRAFT STANDARDS:

NAS 509 Nut, Drilled Jam
NAS 513 Washer, Rod End Locking

(Copies of National Aircraft Standards may be obtained

from the Aircraft Industries Association of America,
Inc., Shoreham Building, Washington, D. C.)
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3. REQUIREMENTS

3.1 System Design Requirements - Flight control systems
shall be the most simple, direct and foolproof possible
with respect to the design, operation, inspection, and
maintenance. Early in the design of the airplane, careful
consideration shall be given to the overall system design
of the control system in view of type aircraft concerned
and the mission which the aircraft is to perform., A mean
time between failure (MTBF) shall be assigned to the
f1ight contro. system, which will meet the reliability
requirements of the weapon system., A MIBF shnll be
assigned to each individual subsystem and component
within the overall system in order to yield an effective
or overall system MI'BF equal to or better than that
required. In assigning subsystem MTBF's, consideration
shall be given to the relative importance of the function
being performed to the mission and safety of the aircraft.
MIBF requiremeuts may, therefore, vary for the various
subsystems depending on their utilization, complexity

and alternate modes of operation, Unless otherwise noted
in the detail specification, the required MIBF shall

have a confidence level of at least 0.9.

A MIBF will be assigned for progression through each

operational state of the flight control systems,
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Rationale:
To establish mission reliability and safety
of flight reliability, the MTBF time to

each operational state must be defined.

3.1.1 Primary Flight Controls - Wherever the magnitude
and linearity of hinge moments permit, and there is no
requirement for irreversibility or power controls, direct
mechanical control shall be used. Otherwise, boosted
or powered controls shall be used, dependin: upon the
requirements for irreversibility. IW/géréraY/
IXreveéxrsivixivy/ 14/ equireéd /unen /MovY Ingdr ividd/ 8¢
Aerddypridulie /MiIndd /WS gry 4/ tedUix e /whAUINL /B /AN
AXYigididY/PedY/ gy 4y éu{/wien /Kinde /rdugny 4/ /Be/ 48
Lxeg/yYrdr/an /I Brdey idd) /B hy /Y Y 1d /ia X d /BE
HELELSAYY{/BY /HREN/ dfrdntie /T VMY /¢ dATY IdVA/dIeY Y e
YYHAY /Y NE/EBRY LAY/ SAY T ACER/BE/ Y TLIAY f /VEX A/ TN/ YWY
PrEpey/vosiyion sl

Rationale:

Power control and/or irreversibility requirements
are too broad to limit to the stated conditions.
For a given control system function, restriction
to limitations may actually decrease reliability
when using mechanical controls as opposed to
boosted or powered controls for a particular

mission.
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BLYLXLY/ /PoAEY /BREXAY éd/ Avid/ Paviey /BEdSY €/ By Ay #nid/ £/ PovieY
FoY /XY EEE/ Sy EY dnld/ SNALY /R / SABBYLEA/ By /My AX AL/ EXELY X B/
WELHANIZAY { /BY / BV EUHRY id /ol gAA AL/ /AN EVEV EX / BBWEL /L 4/ ¥ iy éd
foY/EYIgNY /Eon LY BY8{/&/¢BHBYEYEY Y/ SEBAYAY €4/ I L ELYAY { / VA
AdEdday ¢/ Bavex/ s sy et/ EHALY / Bk / BBV IdEd /¥ d/ MBBYY /WYY /¥ W E
BEIHAYY /EYIENY /EBRX LAY EL/ /TNL A/ BBREY /By SY vt/ EMAYY /gy /B¢
UEEd/ Y/ SABBYY /BN Y/ BEREX /Y BY £/ BY /¢ SHBBVIENL /AN /¥ RE/ ALY/
BYAVIE MV Y €L/ ABBY VALY / 14/ SBY AIVgd /T Y B /Y HE/ BYadr ive
AEYIVIYYL// IR/ YUE/CREE/ BT AN/ EXELY Y IZ Y /BBVEY ) BY EY €U /¥ UE
AEBAYRAY IgW /Y EAMTY ENERY /1 6/ ALV EA{ / BY BV IdEd/AdEAMAy € /MR 4
AYe/IAEAAed /AN /Y RE/EYELY Y ICEY /B KX el /X B/ L AB LAY £/ AR Y

FaAXY A/ IR /Y EXAY €A/ EQUIPUENY /WRIE Y/ dUY A/ Y €AY X1EY / BX

I iy/ZYIgNL /¢ BnY XY/ ehBaABLY 1Y Y

Rationale:

The necessity of non-shared power systems is directly

determined by the MIBF requirements. Incorporating
separate supplies without MIBF requirement is adversely
affecting maintainability. Final specification shall
require paragraph renumbering,

BUYLXLYLY/ /BoveY /Sy SY W/ FAIXAY /4 /FAY Y SV AAE /d/ LALLM E /ST
YRE/BY L/ EY IR /EBAL Y BY /BAREY / S b € { /¢ BRX DY/ SHAX X /€
AdedMiy e /Yo /MLy /YNE/ EneXd ey /Eav YaY /Y eduir eniény /dF
MILAFABT B3 L /aAd/Y Y I/ eWRAALE A/ ERAX Y /B /W IY I/ X HE /AL Y WAV Y &
VAYUES/ EpEdiv idd /NEXEin.
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3,1.1.1,1 Power System Failure - The effect of failures

of the primary flight control power systems shall be

specified in terms of the numher and types of failures

and the corresponding operational states of the flight

control system, based upon the mission and safety of

flight reliability requirements specified for the

aircraft.

Rationale:

Specification in terms of the aircraft require-
ments rather than arbitrary failure effects

allows more efficient design and impiroved

maintainability.

BIVIYLYALLY ) /XA BE/ IL/ A /o pe/IT 1/ BINgYE/ PBAEY /oy Y EY

BY SV U/ PAAEY /RALXMYE/ 4/ K/ EXUGYE/ BOVEY / Sy Y € /b /¢ / EniB LS €
BrovIdivg /av/ enexd eviey /mamda Y/ By indxy /S Y IgHY /¢dnY YEY / £y Y #ri{
oY /av/ el Y e eney /T Y IR /EoNEXBY/ BaVEY /Y Sx € / 18/ AVALIYABY EL
WHER/R/FALXAYE/ SELUYE/IN/ R/ SLVEXE/ BRAEY / Sy SX (/12 / EHAYY
VE/BBESIBYE/Yd/SREXALE /Y YE/EYIg WY /¢ AU X BY £/ ¥ it Bl
dd¢ﬁddi¢dl/liwkdzé/td/d%tdid/dif¢#dff/¢dd¥#dlldﬁiliﬂi/wifﬁiﬁ
YHE /el i dubuld /Y M L el €Y £/ 8 /NILAR £ BT B3 L/ /ALY E /A /g d AR EAY
AdVARY A e /ENand e/ AeVid e/ 14/ MEdd/ /g /AZ A ABUA/ YL/ dY
YYARETEN L 8/ ARAYY /B ey / BUX INL /¥ €/ i/ BV €X' L/ /18 /N

Erex e Eney /MavdRY / BY Lol )y /R XIgWY /¢ SAY Y BY /) £ AY b/ 16 /gy
AVELYRVYE (/AR / Sl dX L e / dir'd € /85 / BBV EX { / SUBBYY INE /oo /
YHe/BYIdx'y /E IRy /¢ BV YEY /by dY évi{ / AMAYY /B ¥/ BXd¥ 1déd /Y 6

WELY /YRESE/ Y EQULY eV 44/ /THE /g dr £/ BT / évigdd Ind/ ¥ g
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EHErEEney/ BOVEY /By Y Er /uidy /B e/ E LY NEX /M aidRY /B Y/ aut oy ie {

HeWevEr{/1/ sUgud/Be/ Lie/ dinpYéAY /dvid /g 4Y /*EYidPLE
BEASIVYE |/ PONALALEVY /LN /REVMRY /Y EAU LY EgA Y 44/ /VAAMR Y
FHEAEeeny /14/ B EfEXYEd|/WREN/ ALY ABYEL/ /X5 /¥ WE /KLY LaVE
18/4ing Y/ ENLINE L /LWL / EMEXL ALY / EBUXLE /U AY /B8 / IAAE B EA A gAY
oY /YVE/dpEXAYion/BE /X RL4/ EREInEL / /OR /aXY S BY €/ ERLine
HIXYBYRAEE (/Y NA/EAEXEENES /BB EY / ABUY €/ ANBUX A/ RY /Y EdEY
BE/dn/d/dIEEEXENY / ENLIAE /Y WAV /X ik /BY Lod &Y' / EddX'd el // TN
AOME/CALERL /1Y /IA/ BEXHLAEIXVE/ Y B/ MXIXIZE/YWE /MY TX it

BEVEY /B AY €0 /RE/ XK/ EMEXLeRe Y/ AoXEE/ B8 / BovigY /1T /ix /14

AL SBY L EUEd/ 1N/ SALK /A /R /YVRAY /Y HEX B/ L4/ / I Y éXddivgdy 1 aW
WIYH/YRE/EXIENY /SR YL /BOWEY /£ BY €/ ANd /AD/ SIALY €/ T ALV MY ¢
gaAv/¢aMEE/ XBEE /B8R /BBY N/ B kY enlbL/ /LA LA EX A 1BV / EVALY /B¢
EISER/ LB/ YViE/BBEBIBIY TN /BE /MY A BT ARULY / YARAIAL £ /AN EX €N
Vgne/ B8/ YNE/ Engines/dr e/ SBExaY INg L/ / INA betAd i /A £/ Al
YAYBEIEY / ERLINES /WLXX /ABE /A TASAIYY / e BULH/ ¥ B/ BY BV 1
AdEduar' e/ T Y IERY /¢ SUEYBY /oY / AABBYY /AMY IVE / YAALARE S /¥ /i k
PE/NELEEAEY Y/ VB /BY BV LAL/ EREXLENL o / BEAEY / BBUY E € 8/ MigY
AEPEAAENY /ABBN/ ENL IV E/BREXAY LBWL / / IR /ALY EY AT Y /R IR/ A ¢
BURCEPYIBYE/ YD/ BUY A BT AOUEY/ YANAIRE AL/ XNER/ EBAALY i/ ERALY
VoY /BE/FINELAEY Ed/ AR/ EREXLEN Lo /AAA/ BY BV T AF BT £ /MY /B¢
Wddg/Edx / XaARAIRE £ /R LN/ BHE/BE /XK /BBVEY /By BY £l 6/ T ALY #A
WHEXE /Uy ABE ATUEX L/ /NN /AR SXERIAL /T 8Y /Y RE A/ ¢ BAA LY B {

EXUY AL/ EAYE /MEY /BE/ EXEYCIARA/ Y B/ VY /Y EdULE /Y HE/HEXTABIY Y of
BE/YNE/POVEY /BY EY EREL/ /XX ENAXY /AYWAY A/ BE/ BOEELBYE/ Y B/ Y EF
ERLALE/YNE /ELILRY /EBAY L BYE/BY ) EXAAA/ YW ER/ Y B /AG AR

FoYY SR IAE /AP EX Y 1 /BN /Y e/ e XL g o / Ao £Y #Wi 4
lRationale: Covered by 3.1.1.1.1'
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BUXAYLYLYAZ/ /To R/ LI/ PARY /RO EY /oy X EY /B AY €t /FAIYAY £/ ¥

WHER/BrE/ B SY 6l /B8 / A/ DKL/ By BY €/ Z ALY A{ /¥R €/ BEX T BrriRrg
oY /YNE/AIEYdTY { /LY R/ A/ SIVLYE/ By BY #l/ XN/ BBEX Y 1dH{/ ENAYY
WELY /Y W/ EdgX LRy /¥ edMiY entevit 4/ 88 /NILAY A BT BB L

Rationale:

Covered by 3.1.1.1l.1

3.1.1.1.,2 Power System Checkout - The power system shall

include provisions for checking emergency operation of

the flight control systems, during flight, and during
redundant

ground operation. For checkout purposes, where dugY

power systems are used, the design shall permit only

one system to be turned off at a time. This requirement

does not apply to power systems using manual reversion

for emergency operation.

Rationale:

Where reliability requirements dictate more than

two power systems, word ''dual' does not apply.

3.1.1,1.3 Pilot Warning Systems - Pilot warning systems
shall be installed to indicate the operating condition

of the control systems.

3.1,1.1.4 Control Device Actuators - In the case of
control device actuators which are essential to flight
of the aircraft, YME/dLXUAYBYS/ANAXY/BE/AMBYIZAYEd/ Y
BYEVIde/Br oy ey ion/dddividy / TAIIMY EdL/ /MNEY /A Y

AZYSAYBY A/ X E /AR /YL /EBRYXSY /RS E4/ ERAXY /R4S /BE/
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AUBYIERKY #d/ Y S /oM LAY I /el A Rded /AR X LAV Y XYY L/ / X8 /¥ A il

HydradX1¢/Bx/ Bredoihy 1¢ /¢y XIndEx d/ dx'é /MAgd{/dvkY/ /Y
YIAL A/ ANAYLY /e /Y SV IdEd /B EXVEEN /YL / ¥rid /BEYY 1dv 4/ IYN
K/ Vedy /BEXEEN/ XN/ /DY /¥ Ing4d (where 1loss of the control

actuator results in possible loss of the aircraft),

actuator redundancy techniques consistent with the MTBF

and operational states required for the aircraft shall

be used to insure satisfactory reliability.

Rationale:

The duplication of control components on an
arbitrary basis without direct correlation with
the reliability requirements of the aircraft

adversely effects maintainability.

3.1.1.1.5 Flight Control Hydraulic Systems - In all cases,
except as noted herein, hydraulic systems shall conform

to MIL-H-5440,

3.1.1.1.6 Flight Control Pneumatic Systems - In all
cases, except as noted herein, pneumatic systems shall

conform to MIL-P-5518,

3.1.1.1.7 Power Control Override Provisions - For Type II

or Type III primary control systems which incorporate

mechanical control system linkage from the pilot to the

control actuator, provisions shall be made to permit

direct pilot £fF@rY/yd/¥e/APBLidd/ L/ A/EdnLrdY/VAYVE/ 1N
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LHE/ BV ERY /YN /VAYS £/ BECOUE L/ Jauidd/BY /T XBZEAL/ / IR/ BYHEY
WEXd44/dny/ sering /Sx/ YBhd A X EYLEV IVE/ A€V 1€/ BEYWEER / L £

BLYoY /dVd/ YV / VAN E( /URIEH/ 18/ AE41gred/ L/ BY EEVY /XL E LTV ¥
YEdd 4/ Béing/ ApBYiéd/ Y8/ YRk /VAXVE{/SRALL /BEd o/ A/ d8Xid /Y inkL

efforts to the control valve which will allow applying a

force 2 times that sufficient to shear the largest piece

of hardened music wire the control valve will accept

through its control ports., The pilot shall be able to

apply this force before full pilot control travel is

reached.

Rationale:

Without a stated limit to the pilot effort to be
applied, linkage design reliability cannot be

established.

3.1.1.1.8 Flight Control Electrical Systems - In all
cases, except as noted herein, electrical systems shall
conform to MIL-E-25499, The following requirements
also apply:

a. Any electronic subsystem or equipment which
utilize low level signals below one volt shall be
designed for a single point weapon system ground and
the signal circuits between components shall utilize

shielded twisted pairs.
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The system shall have a maximmm unattenuated

response of 20 cycles per second either side of the

reference frequency. Signals at double and one-half

the reference frequency shall be attenuated by a

factor of 100 (40db). The response to signals on all

leads other than the input shall be a maximum of

1/1.000 (60db down) of the amplifiers response to the

reference frequency when applied to the input terminals.

C.

The f£light control system shall be capable of

operating without objectionable characterisitics in a

RF field with the following characterisitics:

(1)
(2)
(3)
(4)

A strength of 20 volts/meter (.l milliwatts/CMz).
A frequericy from 2 to 30 megacycles.
A modulation of at least 30%.

Modulation frequencies within two cycles

per second of the servo system reference frequency.

Biediofle 2

Control System Duplication - In general, any

aircraft which may carry a large number of passengers,

is used primarily for training purposes, will be

subjected to damage from enemy fire, weighs over

7,500 pounds, or has a critical mission which requires

maximum reliability, will have all flight control

systems duplicated to the maximum practicable degree.

The level of redundancy for the flight control system

will be selected to meet the reliability and survivability
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requirements specified for the particular aircraft.

However, as a minimum, redundancy will be provided

for the following levels of flight control system

criticality:
Critical Class A Fail-Operational
Critical Class B Fail-Safe
Critical Class C Fail-Passive

Where: Critical Class A applies to control functions

whose loss reduces the control of the aircraft

below Operational State III

Critical Class B applies to control functions

whose loss can reduce the control of the air-

craft to State III but no lower.

Critical Class C applies to control functions

whose loss can reduce the control of the air-

craft to State II but no lower.

Fail-Operational implies continued operation

after any single probable failure with no change

of operational state of the flight control system.

Fail-Safe implies failure to an output condi-

tion which does not actively affect control of

the aircraft and the simultaneous application

of limits to protect against prohibited maneu-

Vers.,
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Fail-Passive imples failure to an output condition

which does not actively affect control of the air-

cratt.

In transferring from one control system operating

condition to another, the transfer effect on the

structural loading of the aircraft and the aircraft's

attitude and altitude shall not cause a safety of

flight hazard anywhere in the normal flight envelope

of the aircraft.,

To provide for survivability of the aircraft with

onboard failures, the flight control system shall

have sufficient redundancy to maintain at least

State III operational capability after:

l. A single engine failure for 2 engine aircraft

and two engine engine failure for 3 or more

engine aircraft.

2. Failure of any single equipment item or struc-

tural member which by itself does not cause de-

gradation below State III.

3. Failures of equipment caused by probable weapons

impact as specified in the system performance

specification,

In addition, the flight control system shall have

sufficient redundancy to maintain State IV operational

capability after:
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1. Failure of all engines

2, Failures of equipment caused by probable

weapons impact as specified in the system performance

specification,

Rationale:

Until greater commonality of flight control
components and . nfidence in the MIBF values
for the compone..s exists, general minimum
levels of redundancy are required to prevent
catastrophic loss with critical control
system failures.

Design of the control system redundancy has
to meet the flight safety requirements, This
affects reliability and maintainability.
Survivability requires minimum redundancy
levels not associated directly with the MTBF
of the control system., The survivability
requirements for the aircraft subjected to
weapons fire will vary from aircrafi to
aircraft and is best specified by the procuring

agency.
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3.1.1.2,1 Flight Control System Status Test Provisions -

Provisions within the flight control system shall allow

preflight, maintenance and troubleshooting and periodic

operating status tests. It shall be possible to perfomrm

all preflight tests by manipulation by the pilot of the

following:

a., Aircraft controls.

b, Controls on a flight control system test and

display panel, The results of the tests shall indicate

to the pilot the proper functioning of the flight

control system., Required crew participation in the

preflight tests shall by design be kept to a minimum,

Rationale:

Section 3.1.1.2.1 as previously stated is covered
in general termms in 3,1.1.1.1 (changed) and 3.1.1,2
(added to). Preflight tests are required since
reliability estimates for mission success assume
starting with a normally operating system,
3.1.1.2.2 EAYEXaY/CovirdY /iy drauY e /and/Preuudy 1¢) -
THE/eonyYBY/ Af A et/ In/YNE/UINE B/ dd /gy /e /AMBY Iddy ¢d
EUYVERY A/ T B/ YN E/EEnY X/ Beey For (/Y / dVAY Y e/ dg A1 éd
AAd/INEYRXYEd/ b8/ YVAY /RRAYUYE/ BE /AW /¢ OB BHEAY /HLXY

ABY /Y EVERY /YL EXAY/Edry XY /88 /¥VE/KIXEXREY L/ /PR ERUY
CONALAdEXAY LoV / AHALY /BE /LA N/ ¥ B/ YUE/ENAL ALY EX LAY 1A/ BF
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EHE/ ALY ELATY /WILN/ Y ELAX A/ Y B/ EORLXBLYABILIN Y/ AR/ XArdLrig
EHPRBLIYIY 164/ WLIEN/BRYY /BRE/ LAY EX AL /¢ BRLLEY /AN 1dE/
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I8/ ¥/ L8/ AgyExiivied/ ¥y /SUXY/edRErEY /1 6/ eduired /&y
AYX/YIAERL/YRE/ XRYEXRY/EBAY K BY /£ X IRALY B/ ENAXY /B £
AMBYIZRY Ed/dAd/ APPY SXIARY €YY /2 OANELY €A/ Y B/ Y e/ BEWEY

BYAY R /RAd/ YL/ ERAIAALEY /BE /Y NE /O Y BY /B A b £/ EHgUX d
Be/AMBYIZRYEAL/ /18 /RAEAMRY E/ YRY EXRY /AN EXBY /16 /A ALY AV Y €
IY S/ oUE /AL /LY /Hidy /BE/BEXUIAZTEYE/ LB/ MEE/ A/ XLV £
AEYURY IR/ Y YIVALY / 2N/ EALK /WINL/WIE N/ ENEEE /e IR A£Y &
CENAELY A/ YD/ REBRY YL/ BEVEY / ABUY €4/ ENd/ BY BV 1 A1B £
WRAAE/YE/CONRELY /RY /X ERBY /OAL/ Y Y IUALY /X B/ Y e/ EREX R EVR o
FYIEHY /EoALYBY/ Ef oY Et/

3.1.1.2.2 1Inflight Control System and Status Display

Emergency Selection - Flight control system status

shall be displayed to the pilot and/or crew concerned.

Display shall indicate the operational status of

Class A, B, C Critical control functions. For emergency
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operation, inflight manual selection (and disengagement)

of critical Class A flight control system functions is

permissible as a backup operating mode when allowed by

the procuring agency for the particular aircraft.

Rationale:

3.1.1.2,2 presently in 9490C is covered by
3.1.1.1.1 (changed) and 3.1.1.2 (added to).

For a redundant control system, the operational
status is required to allow aborting mission,
etc, BHmergency select provisions could be
acceptable on low response aircraft., In others,
engaging and disengaging a failed channel

would be more hazardous than an immediate
emergency landing. This additional equipment

affects the maintainability of the aircraft,

but is required on a functional basis.
}/;/;f?lﬂ//ﬂl##ﬁﬂ/dﬁd/Rﬁdd##df¢i/¢¢ﬂf#¢l/fﬂidfﬁﬁli¢
A/ PACARRY I L/ /EXL Y EUl e/ ChX B/ AVA XY /€ /hEEd/ TN/ ¥V /A S 1gN
BF /e ixed/EanYYSYA{/RE/ Y EULY Ed/ BV /ABLY A/ INL /AAA /Y AY ALY
YYBE/AIXBYAA LA/ diACE/ R/ RAIYAY /AN /X EAYY / IV /X BEA/ BE

oE /EBVY XS /IR /YWD /AAEAL/ /TNE /A YARY IAL /o Y IV AEX £/ EVAYY
BE/ AMpYIgaY Ed/ Avid/EoNAELY Ed /Y B/ YNE/ BOREY / By 6y €/ Il /&
WEAHEY/ AIATXRAY /Y B/ YYRY/ SBELLT LhA/ L BX / XL X UAIHAY

EBNY LAY /deYUhY dY K.
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Rationale:

Covered in changed 3.1.1.1.1 and 3.1l.1l.2,.

BLYAXLZLY/ /BIYEEL idAAY /CONLXBY/ A/ XE /LY /L AR/ BE/ S / EHEY

AMERICLEAY /ALY BEY IGARY /EBAA VB { /R BY Y SR AN /TR L YUY E/ BE

YHE/BYIuaXy /BoVEY /oy o)/ s dx el {/id/ adiXAB Y/ YD

HELY /YNE/AX Y EXHEYE /BN Y BY /AU LY el eV £/ 88 /MIVAFABT BT,

AMBYILAY I8/ ANAY Y /VBY /BE /Y eddiréd L/ /THE/EBRY XS /A YAy BY §

ENAYY/BE/EOANELLEd /Y B/ YNE/BOREL / S A del 4/ i/ 4 /A X

AL LYY /Y B /Ard/ ¢l BEAY IBYE /WLXR{ /X Ve / LA I A I AKX

AR/ YRY EXAY /SN ABY /Ay AY #dL

Rationale:
Covered in changed 3.1.1.1.1 and 3.1.1.2,

3.1.1.3 Artifical Feel Systems - Where pilot control
MIL-F-83300

forces adequate to meet the requirements of MILAFFB783

are not provided by aerodynamic means, these forces

must be supplied (or the aerodynamic forces augmented)

by suitable artificial feel devices. The artificial

feel system shall provide a force gradient which will

permit the aircraft to meet its contract requirement.

Any failure in the system shall not result in control

forces that are either so high or so low as to be

hazardous. Artificial feel system design shall provide

positive control centering to the trim position, as

MIL-F-83300
required by MILAFAB783, without overtravel or control

oscillation.
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Rationale:

Current applicable specification.

3.1.1.4 Control Sensitivity - Control sensitivity
and breakout forces shall be in accordance with
MIL-F-83300
MILA¥#B783, and, at the same time, the control shall
not be too sensitive to permit precision pilot control
at high values of 'q". To keep the response high and
dead spots small, it is necessary to keep the control
system tight throughout with a minimum of free play,
keep the number of links and joints to a minimum, etc.
To prevent overcontrolling of the aircraft, control
system breakout forces should be the minimum possible,
MIL-F-83300
within the permissible values given in MIL/F/B783.
To provide proper control system sensitivity over
the entire speed range, it may be necessary to provide
"q" feel, variable slope stick deflection vs control
device deflection curve, or a ratio changing mechanism.
By utilizing proper control linkages, a stick deflection
vs control device deflection curve can be obtained which
gives relatively small control device deflections for
large stick motions near the neutral position and large
control device deflections for small stick motions near

the extreme of travel, Ratio changing mechanisms, operated

by landing gear pressure, pilot controlled switch, or
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other means, may be used to alter control system

sensitivity where other means are not adequate or

suitable. However, ratio changers shall not be

used unless necessary. When improper positioning

of the ratio changer can result in a safety of flight

hazard, necessary provisions for monitoring and

emergency positioning shall be incorporated.
Rationale:

Current applicable specification,

3.1.1.5 Compatibility - The performance characterisitics
of the primary flight control system shall be adequate

to permit the automatic control system to achieve its
required performance. For example, high gain control
valves shall be used and, if they are too sensitive

for pilot control, the control linkage shall be
appropriately modified to make the overall system

compatible with pilot capabilities.

3.1.1.6 Combined Functions - The automatic control
system requirements shall be considered when locating
devices such as nonlinear linkages, ratio changers,

feel devices, trim devices, etc. For example, structural
protection devices which are installed for use during
manual control mode may also be usable during the

automatic control modes.
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3.1.2 Secondary Flight Controls - Power used for
these controls shall be derived from the utility

power system(s) in a manner consistent with the

reliability requirements of the primary flight

control systems., If satisfactory primary flight

control system reliability and survivability cannot

be obtained due to the secondary flight control

systems sharing power systems with the primary flight

controls, then separate power systems can be used

for the secondary system,

Rationale:

Depending on the redundancy level and mission
requirements of the aircraft, using a separate
power supply for the primary and secondary
systems may not be required. Arbitrarily

requiring separated supplies when not required

increases maintainability requirements.

3.1.2,1 Trim Systems - A suitable trim system shall
be provided for each of the primary control axes.
The trim system shall be irreversible, so that loads
or vibratory conditions will not alter the trim
setting, and shall maintain a given setting until
changed by the pilot. The trim systems shall be

designed to meet the performance requirements
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MIL-F-83300
herein as well as those specified in MILAFAZ783. The

requirements of the automatic flight control system for
trim specified in 3,1.3.5.6 and 3.1.3.5.7 shall also
be complied with, Electrical trim systems shall be
designed with a trim range not in excess of absolute {
total requirements for the airplane. To provide sufficient,
but no more than necessary, trim travel, trim limit switches
shall be designed to permit adequate adjustment in trim
travel. Trim surfaces, or other trim devices, with
authority greater than the primary control system shall
not be used. Aircraft which have provisions for primary
system manual control in the event of power failure, and
which use artificial feel system trim when power is
available, shall have provisions for manual trim in the
event of power failure. The proper trim setting shall
be automatically retained during reversions. The
irreversible mechanism shall be located and designed to
minimize free play and maintain rigidity in the control.
In two-place aircraft with electrical trim systems, it
may be necessary to provide inter-locks in the circuitry
to prevent attempts to trim in both directions simultaneously
or to pemit an instructor to override a student.

Rationale:

Current applicable specification
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3.1.2,1.1 BEmergency Systems - Where a failure of a
power-operated trim control system would result in
marginal or unsafe control characteristics, a completely
separate emergency trim system, and means to override
the failed system, shall be provided. Overriding may

be provided by an override trim switch installed in the
cockpit to permit de-energizing the normal trim circuit
and emergency actuation of the trim. A four-position
"on-of f -momentary on-momentary-on’' switch in accordance
with MS25128 is recommended for this purpose. In some
cases, it may be desirable to install load sensing switches
in the trim system to prevent trim application in the
direction opposing pilot stick load in order to prevent

serious runaway trim.

3.1.2.1,2 Trim Switches - Electrical trim switches, of
the five-position, center off, toggle type, shall be in
accordance with MIL-S-9419, Control stick grips in
accordance with MIL-G-25561 shall already have the trim
switches, conforming to MIL-S-9419, installed. Three-
position trim switches shall be approved switches similar

or equivalent to the MIL-S-9419 switches.

3.1.2,1.3 Trim Rate - On aircraft utilizing electric trim,
the use of two-speed trim actuators to satisfy manual

flight trim requirements shall be avoided; however, a
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second speed may be provided for automatic flight control

use. In determining an acceptable trim rate to meet the

manual flight requirements, the following shall be considered
MIL-F-83300

in addition to the requirements of MIL/F/B783:

a, The maximum average trim rate required to
maintain stick forces near zero during final approach
in configuration PA (see MIL-F-8785). Trim rate to
flareout for landing is not pertinent since the pilot
can hold these forces for the short time required.

b. The maximum trim rate required to keep stick
forces near zero during maximum rate of change in air-
plane speed, such as in dives.

c. The maximum rate required to maintain zero
stick forces during operations which give trim changes,
such as-gpeed brake or wing flap extension.

d. The minimum trim rate which, if used to control
the flight control device, could create a maneuver to
give limit airframe load in 2 seconds of trim operation.
Unless excessive trim sensitivity is encountered, the trim
rate should be not less than the values of '"a', 'b', and '"c"
in order to permit adequate control. It should not exceed

the value of '"d" since it is desired that a runaway trim

system not be able to create a limit load condition before
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the pilot can react. It is to be noted that it is not

desired that the pilot be able to trim the airplane into
any desired maneuver, and, therefore, trim rates should
be kept as low as possible, consistent with "a', '"b'", and
"c'" above. Rates of application shall be such that
preciseness of control is obtained for landing, takeoff,
and inflight conditions without creating a hazard.
Rationale:
Current appiicable specification
3.1.2.1.,4 Series Trim - If series trim is used, the system
shall be designed to insure manual control through the
pilots' :ontrol stick in the event that the actuator
becomes inoperative in any position. If/SEX¥ids/¥rid/ ¥/
LY in/deydh s d X/ 14/ XLy dd/ I/ ¥ e/ Eorur ¥ 8Y/ S Axdu/ XINKAL L/ Ad
LV /YVE/ SY TEU/AEBY Y AX /BEIAY / ABEE/ABY /e / Ay T /¥ ¥ Tbed I 4
WA /EEd/ I/ YRE/ Y BALIYAATAKY /AXT B4 /XRIB/ Y Y RE/ B ¥ ek /WL XX
AXYEVIdy e/ YNE/BYdBYeU /B8 /NaY IAL /Y NE/ dY 1K/ Y BB/ LAY/ dTY
A ing /YA EBTE /drd / YAV d IrE 4
Rationale:
Description does not add to specification in terms
of specifying performance (and indirectly reliability

associated with recommendation).

3.1.2.1.,5 Trim Position Indicators - Suitable indicators
shall be provided to indicate the neutral position and the

range of travel or each trim device. On manual type systems,
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a mechanical type indicator on or near the cockpit
control is considered satisfactory. Aircraft which
require takeoff longitudinal trim setting in accordance
with cg location shall have suitably calibrated trim
position indicators. Where suitable, trim indicators
shall be in accordance with MIL-I-7064, In aircraft
which may use a single trim setting for all takeoff
conditions, a '"trim for takeoff' light shall be provided.
Where movable surfaces are used for trimming, the

sensing devices for the indicator shall be operated by
the surface actuator in power-operated systems, except
when surface position is a true indication of trim
position, in which case the sensor may be attached
directly to the surface. A position sensing device is
not required on the surface, or a mechanical link directly
connected to the surface, if the system is entirely
manual, unless an electrical instrument type indicator

is used. Where suitable, trim indicators shall be in

accordance with MIL-I-7064,

Rationale:
Specification applies to trim indicators, the

subject of this section.

3,1.2,1.6 Takeoff Trim - On aircraft subject to short

alerts, a takeoff trim switch, either momentary push
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button or momentary toggle, shall be provided to return
all trim systems to the takeoff position, When all
systems are at takeoff position, a ''take-off'" light
shall come on and following release of the switch,

the light shall go out.

3.1.2.,1.7 Trim Control and Indicator Location - The
location and actuation of the trim controls and

indicators shall be as indicated in MIL-~STD-203.

3.1.2,1.,8 Manually Operated Trim Control System - The
necessary control shall be available with a minimum
amount of input motion consistent with acceptable

operating forces.

3.1.2.2 High Lift Controls - A suitable control system
shall be provided for actuating the manually operated

high-1ift devices (flaps, slats, etc.). Performance

of the control system shall meet the requirements

of the system specification.

Rationale:
Section 3.1.2.2 doesn't state performance require-
ments, since there is no specification, systems

specification must be used.
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3.1.2,2,1 Synchronization - High lift devices shall be

riechanically interconnected, unless it can be demonstrated
that no hazardous flight attitude will result from
unsynchronized operation. In the event of a failure

of the high lift control system actuators such as a
screwjack, hydraulic cylinder, etc., the high lift
device shall maintain synchronization, or remain
synchronized without motion. YHEXE/dre/SeverdY /Meydd4
g /Brovidind/ Ay sy e/ vHidn/WLLY/ Eoul g/ witn/¥Rid

YEAULY Exiery {/ BAe Y/ a4/ BY BV LAIAL/AMBY I¢dY &/ BUARABULY

YBAR | /YBYAAR/ IMBE Af AL |/ EHBYE/ o Ay dia/ dxe L

AMBY IRy IV /YHE/ A i e /ALY /AVA/ IRAY XY IV / AE PR X AX €
AEYAAY Y S/ RY /AL / IR/ XITY / AV 1L/ Addodéniy /A d/ Iy éX ¥
CERALEY IUL/YNE/deYURY SY £ { /drid /B 8V IdiNE /dn /AL By 1 &
AWAYBEE /By A e/ NN /Y EdE 1V BB/ BORLL 1oV / LAY B/ 5 ¥ o
EALH /B8 /YNE/ AELUERY 8/ BY /X S/ Y UL/ AL X/ EVd A/ BT /Y e
Yardue/ B/ sy Y dns/ /KiXterag s /g ad/ Yandivg/ taxXy
BELCSHER/EXLLIERL {/UIL Y/ L EABELY /¥ B/ WEXWAL/ FarVdy / L e LY W
AAd/ZEXE/uivd/dovdiy Iavid (/18 /WIgWN/ YRy / AV 1de4/ Y e

Y /AVAIYABYE(/AY e/ VDY /ALY ABY /T BY /AR E/BF /dhy By i
EVAYBEE / SY KL ERA/WRILN /oo / AEBX IV E /XN /88 /Y NE /UEE
gf/¥VNede/devi¢édl The degree of asymetry and the flight
conditions used for synchronization acceptability shall

be those most critical for inducing hazarous flight

attitudes.
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Rationale:
Deletion of the part of present statement telling
possible solutions is consistent with the specifi-

cation stating "REQUIREMENTS'" but not "HOW",

BUYLZLZLZ/ /AL EREY /OBEX AL LBN/ £/ KA/ e EX L EVLY /i€ i £
gBY/dpeY Ay N/ YNE/WIgN/XITY / AV i €A/ ENAYY /e / BY oV idéd
U/ ALXEYATY /AREYE/ EhT 8/ BPEX Ay IdVAY /YARATHE A/ ¢ AAHBY /€
ALEBHBY LAV Ed/HLLNBUY /AL /B /¥ NE/ ML/ X1E Y /devVid e gL
THE/enierd evidy /8y sy e/ SVAXY /BE /Lol BY €Y EY ¥/ TN AL BEVid €L / BF
YHE/ B Ty / b 61X duld
Rationale:

Covered in 3,1.2 (added) as a critical Class

A system,

3.1.2,2,3 Operating Time - At the maximum limiting
aircraft speed for which the flaps may be operated,
the rate of operation for lowering power-operated
landing flaps shall not be greater than 10 degrees per
gsecond. Complete lowering of the flaps shall be
accomplished in a time not greater than 10 + 40/n
seconds where n is the design limit load factor of

the aircraft. Insure that time of operation specified
applies at all ambient air temperatures between -20
degrees F (-29 degrees C) and +120 degrees F (+49
degrees C). Outside this range of temperature, but
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between -65 degrees F (-54 degrees C) and +160 degrees
F (+71 degrees C), insure that the time of operation
is not more than 50 percent greater than the normal
speed selected with all components of the flap
actuating mechanism stabilized at the specified extreme
temperature, and without assuming time for warmup of
the components. Raising of the flaps should be
accomplished at such a rate that the resultant loss

of 1ift coefficient can be compensated for by the
increase in speed resulting from the application of
full military power, as in go-around, so that there

is no loss in altitude. In no case shall the flaps

be designed to rise in less than 10 seconds.

3.1.2,2.4 Indicator - An approved type indicator shall

be provided in the cockpit to indicate flap positions.

3.1.2.2.5 Actuation of High Lift Devices - The pilot's
operating mechanism shall be as specified in the detail
specification, Actuation of the mechanism shall be
in accordance with MIL-STD-203.

Rationale:

Identification clarity

3.1.2,3 Speed Brakes and Dive Brakes - The control

system for these devices must be capable of withstanding
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frequent operation at all flight speeds up to the
terminal velocity of the airplane., In some cases,
blowback features may be desirable to prevent structural

failure of the components. Satisfactory control system

performance shall be defined by the procuring agency.

Rationale:

Need definition of what the speed and dive brake

control system must accomplish on a functional

basis.,

3.1.2,3.,1 Emergency Systems - Emergency retraction is
required on those devices that will not automatically
retract, as a result of airloads, when the control is

moved to the retract position.

3.1.2.3.2 Asymmetric Operation - Where asymmetric
operation of these devices would cause uncontrollable
aerodynamic moments on the airplane, provisions shall
be made to prevent this condition., Where these devices
perform functions requiring asymmetric use, provisions
shall be made to prevent asymmetric operation except

at the proper time,

3.1,2,3.3 Positioning - The control system shall be
of such design as to permit infinitely variable

positioning,
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3.1.2,3.4 Actuation - The pilot's actuating mechanism
shall be a three-position device with a stop position
in neutral, momentary aft position to extend, and a

maintained forward position for retraction.

3.1.2,3.5 Indicator - An approved type indicator shall
be provided in the cockpit to indicate the position of

the speed brakes, or similar devices.

3,1,2,3,6 Operating Time - It shall be possible to
completely extend the speed brakes in not less than

2 seconds and not more than 3 seconds. Time of operation
specified shall apply at V., at sea level and at all
ambient air temperatures between -20 degrees F (-29
degrees C) and -65 degrees F (-54 degrees C) and
between 120 degrees F (+49 degrees C) and +160 degrees
F (+71 degrees C), the time of operation shall not
exceed 4 1/2 seconds. The above values shall be met
with all components of the actuating mechanism
stabilized at the extreme temperature, and without

assuming time for warmup of the components.
3.1.3 Automatic Flight Control Systems (AFCS)

3.1.3.1 Categories of Operation - The control function

or functions to be performed by automatic flight control
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systems or components shall be determined from the
military characteristics or the requirements of the
aircraft, or class of aircraft, in which the equip-
ment shall be used. By definition, the automatic control

functions shall fall within the following categories:

3.1.3.1.1 Augmentation - The augmentation category

shall include those control functions which are required

to improve the stability and handling characteristics of the
the air vehicle, Unless the damping of the airframe -

AFCS System is specifically given in the detail specifi-
cation or mission requirements for the various

operational functions, or if specified requirements are

less stringent than the requirements of MIL-F-878S,

the damping of the longitudinal, or directional-lateral,
oscillatory mode shall be governed by the requirements

specified in MIL-F-8785,

3.1.3.1,2 Pilot Assist or Pilot Relief - The pilot
assist, or pilot relief, category shall include those
automatic control functions which simplify, or ease,
the control of the flight path of the aircraft,
These functions may include, but shall not necessarily
be limited to, the following:

a, Pitch and roll attitude hold
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b. Heading hold

c. Altitude hold

d. Airspeed and Mach hold

e. Rate of climb and descent hold

f. Control stick steering

3,1.3.1.3 Guidance - The guidance category shall
include those control functions which provide automatic
flight path control in accordance with steering signals
generated by guidance and control systems external to
the flight control system. The category may include,
but shall not necessarily be limited to, the following
types of control functions:

a. Enroute navigation

b. Rendezvous and station keeping

c. Terminal guidance for bomb delivery

d. Search and tracking for fire control

2. Automatic takeoff, approach and landing

3.1.3,2 Integration - Automatic flight control systems,
subsystems and components shall be designed so that a
maximum of integration is accomplished between those
components providing the automatic control function

and components or parts comprising or providing

any other function of a weapon system consistent

with system reliability, operation, and safety.
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3.1.3.3 Reusability - In development of automatic
flight control systems or subsystems, components required
to perform the functions of the system shall not be
designed nor constructed until studies have proven that
the required components are not available nor the
required performance and characteristics obtainable
from modification of existing components in the system
or subsystem with which the automatic flight control
system will be integrated or into which it will be
tied, During concurrent development of subsystems

by separate contractors, deveiopment of mutually
required components shall be accomplished around the
component requiring the most stringent performance.
Applications requiring the use of systems already
developed or in production which contain similar
components, shall require use of the systems component
requiring the most stringent performance, with
modifications, if required to that component, and both

systems, to achieve integration.

3.1.3,4 Details - Details concerning each system
integration requirement shall be as specified in

the system or component specification or procurement
document,

3.1.3.5 Functionai Requirements
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3.1.3,5.1 Conditions for Engagement - Unless the AFCS

is properly energized and synchronized, it shall not

be possible to engage the system or to switch from

one functional category or mode of operation to

another. It shall be possible to engage the augmentation
mode independently of any function or mode of the AFCS,
No control transients, which exceed the limits of 3.1.3.6.3,
shall occur when switching from one functional mode of
operation to another or when disengaging the system.,
Unless otherwise specified in the system specification,
all control axes shall be engaged and disengaged
simultaneously. Means shall be provided so that the
pilot can visually determine the operational status

of the system,

3.1.3.5.2 Warmup - After the application of power,
the warmup time required shall be not more than 90
seconds for fighter aircraft and not more than 3
minutes for other types of aircraft, If a shorter
warmup time is necessary to meet operational require-
ments, the particular system specification shall

specify this requirement,

3.1.3.5.3 Synchronization - The system desgign shall

be such that, upon engagement, the aircraft's attitude
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or other control mode will be maintained, or the aircraft
will be displaced at a predetermined rate to a pre-
determined attitude as defined in the system specifica-
tion covering the particular AFCS. Synchronization
indication, if required, shall be as specified in the
system specification. The synchronization rate shall

be such that no transients exceeding the limits of
3.1.3.6,3 shall occur due to system engagement or mode
switching 2 seconds after the completion of any

maneuver up to the maneuver limits of the aircraft.

3.1.3.5.4 Overpower - With the AFCS engaged and
operating, it shall be possible to manually over-
power or countermand the control action of the system on
all axes., For fixed-wing aircraft, additional force,
at the point of pilot application, required to maneuver
the aircraft due to overpowering the servos of the
automatic flight control system shall not exceed the
following values:

Rudder - 120 pounds

Elevator 35 pounds for stick
50 pounds for wheel

Aileron 25 pounds for stick
40 pounds for wheel

The overpower force for helicopters shall be in
accordance with the requirements of Specification
MIL-H-8501.
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3.1.3.5.5 Cockpit Control Motion - The control device
motion required to accomplish augmentation shall not
be reflected at the aircraft's cockpit control. If
other control device motions are not to be reflected at
the cockpit controls, the proposed system shall be
discussed with and approved by the procuring activity
prior to proceeding beyond the initial design phase.
Full freedom of operation of cockpit control shall

be possible at all times stability augmentation is

in use.

3.1.3.5.6 Automatic Trim - Means shall be provided

to automatically reduce the control system trim error
to essentially zero. Such a means shall operate at

a rate which does not significantly affect the transient
performance of the AFCS. Automatic trim shall be
operational during the guidance and pilot assist

modes only.

3.1.3.5.7 Manual Trim - Powered manual trim shall be
made inoperative when the AFCS is engaged. The circuitry
shall be arranged so as to minimize the effect of a
failure in the AFCS on the manual trim operation after

the AFCS is disengaged.
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3e¢le3.5.8 Control Stick (or Wheel) Steering - Where control stick
steering is a system requirement, provisions shall be made so that
the pilot shall have full capability to maneuver the aircraft within
control forces end maneuver limits specified in Specifications
MIL-F-£8785 for fixed wing airecraft, MIL-H-8501 for helicopters or
the applicable system specification. This maneuvering capability
shall te possible at eny time when the AFCS is engaged by using the
normal aircraft controls. Unless otherwise specified in the
applicable system specification, design shall be such as to allow
the pilot to superimpose his control stick steering commands over
those of external guidance system signels. Cross control between
the pitch and roll force sensors shall not exceed 1 percent of the
applied forcs.

3.1:.3.5.8.1 Vernier Control - When control stick steering is a
requirerent, means shall be provided to epply vernier attitude control,
unless changes ccmmensurate with the minimum maneuver requirements

cen be added by control stick steering commends.

2.1.3:5.9 Interlocks - Interlocxs to prevent engagement of the

AFCS in the absence of electrical power of the proper voltage and
frequency, proper gyro rotor sreed, adequate warmup, and normal
overall oreration shall be provided as part of the AFCS. It shall
not be rossible to engage incompatible functions. Interlociks shall
also be provided to prevent power from being epglied to the system if
lack of power to the servo units prevents synchronizetion. In the
event of failure of any one of the power sources, the AFUS shall
become disengaged within 0.3 second.

3ele345.10 Dicengagement - Provisions shall be made for fail safe
inflight disengagement and reengagexant of the AFCS. Disengagement
shall be positive under eny and all load conditions. Disengagement
switches shtll be ncrmelly closed and shall be located in accordance
with the requirements of Stendard MIL-STD-203. A disengagement

not initiated by the rilot shell be indicated by a visual werning to
the pilot &nd the copilot. In the event that servo disengagement
should result from action of the structural protective means, the
circuitry shall provide for immediate re-engagement at the pilot's
discreticn., Particuler attention shall be given to reducing the
emount of friction and inertia contrituted by the AFCS to the manual
flight control system when the AFCS is disconnected. The specific
value of friction the AFCS can contribute when disconnectcd shall be
defined in the AFCS performance specification,

3¢1l4345.10,1 Series Actuetors = The series actuators shall, after
deactivating, be positively centered and capable of transmitting
full control system lcad without creep. The rate of centering shall
b8 such that no undesirable transients will be introduced. Gﬁ@gﬁf
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Rationale: Covered in critical classifications 3.1.1.2
and ... redundancy techniques can eliminate failed

single actuators with acceptable transients.

3.1.3.5,11 Structural Protection - Means shall be provided
to prevent AFCS malfunctions from producing airplane loads
in excess of the airplane limit load factor. Due considera-
tion shall be given to the fact that during rapid roll
maneuvers the load factor of one of the wings is higher than
that determined by the center of gravity acceleration.
Unless proven unnecessary, the protective device for high
roll performance aircraft shall respond to an appropriate

combination of lift, roll velocity, and roll acceleration,

3.1.3.5.11.1 Ground Check - The structural protective means
shall be such that it can be conveniently ground-checked

by the pilot.

3.1.3.5.11,2 Fail Safety - The structural protective means
shall be designed for maximum fail safety and shall be

selfmonitoring. Electrical power applied within the limits
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shown in 3,2.16 shall not cause the structural protective

means to become inoperative.

3.1.3.5,12 Protection Against Prohibited Maneuvers - Devices
which protect against prohibited maneuvers, whether initiated
by the pilot or by the AFCS (i.e. command signal limiting

as a function of velocity normal load limits, pitch-up
inhibitors, etc.), shall be provided as specified in the
applicable system specification. The design of the protective

devices shall be similar to 3.1.3.5.1ll1.

3.1.3.5.13 Dynamic requirements. The flight control system
shall be so designed as to permit only a minimum of system
degradation as a result of flight in turbulent air., In all
cases, the effect of control system design on dynamic flight
loads shall be a prime consideration. Unless otherwise
specified in the weapon system specification, the following

shall apply:

a. Degradation of augmented vehicle damping ratios will

not be tolerated for (l-cos) discrete gusts up to a velocity
of 40 feet per second. The discrete gusts shall be tuned

to the air vehicle short period and Dutch.roll natural fre-
quencies., Where maximum expected gust velocities define the

air vehicle strength, 75 percent degradation from still air
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values will be allowed provided a damping ratio of at least

.15 is maintained,

b. System performance for large excursions of the flight
vehicle will be demonstrated by computer simulation analysis
correlated with flight test in lieu of flight test at the

specified gust environment,

3.1.3.6 General Tie-in Requirements - Provisions shall be
made for the acceptance to the extent specified by the system
specification of external guidance signals from subsystems
generating the necessary commands in attitude, speed, altitude,
flight path rate, acceleration, etc., to control the aircraft's

flight path.

3.1.3.6.1 Reference Voltage - Reference and command signals
to the AFCS shall be based on the same voltage source as the
corresponding feedback signal of the AFCS, This shall prevent
the voltage variations from changing the correlation between

the commanded and actual value.

3.1.3.6.2 Command Signal Limiting - Means shall be provided
to limit the command signals from external guidance systems,
so that the AFCS will not cause the aircraft to exceed
maneuver limits that are inconsistent with the external

guidance fuuction and flight conditions.
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3.1.3.6.3 Switching - Switching with zero command signal
input from external guidance systems shall not cause tran-
sients greater than +0.05 g normal acceleration at the center

of gravity in pitch or +1 degree in the roll attitude.

3.1.3.6.4 Noise Compatibility - The AFCS shall be so designed
that the noise content in the external guidance signal, as
specified in the applicable system specification, shall not
saturate any component of the AFCS, shall not impair the
response of the aircraft to the proper guidance signals,

and shall not cause objectionable control motion or attitude
variation. If the specified noise content is too great to
achieve this goal, additional noise filtering shall be
employed. Since additional noise filters impair the guidance
performance, an optimum compromise between performance and
noise filtering shall be determined by the procuring activity,
the AFCS contractor and the contractor responsible for the

guidance computer and the overall guidance performance.

3.1.3.€.5 Data Link - If the steering information is trans-
mitted to the AFCS via a digital data link, the sampling
frequency and number of bits per signal shall be compatible
with the accuracy and dynamic performance requirements of
the guidance loop, and the noise resulting from the sampling

and digitalizing process shall not cause a total noise which
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will be incompatible with 3,1.3.6.4, If the steering informa-
tion is transmitted to the AFCS via an analog data link,

the gain variation and the zero shift of the data link shall
be compatible with the performance and accuracy requirements
of the guidance loop and the data link noise shall not cause

a total noise which will be incompatible with 3.1.3.6.4,

3.1.3.7 Performance Requirements - The aerodynamic and
flight configurations, external stores configuration, and
aircraft performance range through which the AFCS shall be
required to provide the specified performance shall be as
defined in the flight control system specification. The
performance requirements specified herein shall apply to

all aircraft, aerospace craft, helicopters, and VIOL aircraft,

3.1.3.7.1 Augmentation - The augmentation system shall
provide handling characteristics which will satisfy, as a
minimum, the requirements of Specification MIL-F-8785 for
all fixed-wing aircraft and VIOL aircraft in the forward
configuration and Specification MIL-H-8501 for helicopters.
During turn maneuvers, the augmentation system shall provide
turn coordination as specified in 3.1.3.7.2.4. The control
authority of the augmentation system shall be limited as
far as possible to insure that '"hard-over' signal will not

cause the aircraft to exceed its limit load factor. If
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this is not possible because of the demands of the augmenta-
tion system, additional requirements shall be specified in
the applicable system specification to insure the safety

of the weapons system operation.
3.1.3.7.2 Pilot Assist Function

3.,1.3.7.2,1 Attitude Hold (Pitch and Roll) - Except as noted
in 3.1.3.6.2, or unless otherwise specified in the applicable
system specification, an established pitch and roll attitude
up to maneuvering limits of 160o in roll and :150 in pitch
shall be maintained within 110 over the entire flight regime.
Upon completion of a pilot controlled maneuver, the attitude
maintained by the AFCS shall be the airplane attitude at

the time the commanded forces were removed if this attitude
is within the limits of the attitude hold mode. For bank
angles of less than :70 in control stick steering applica-
tions, the airplane shall return to wings level attitude on
release of the lateral control force. When using a flight
controller, the airplane shall return to a wings level attitude

when the turn knob is placed in the detent position.

3.1.3.7.2.1.1 Pitch Transient Response - The pitch response
shall be smooth and rapid. After the AFCS has been manually

overpowered to change the pitch attitude by at least +5
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degrees, the aircraft shall return to the reference attitude
with the first overshoot not exceeding 20 percent of the
initial deviation. The period of overpowering shall be short
enough to hold the airspeed change to within 5 percent of

the trim airspeed. Acceleration limits shall be as specified

in the AFCS system specification,

3.1.3.7.2.1.2 Residual Oscillations During Steady State
Flight - Residual oscillations as measured in the cockpit
during steady flight shall not produce normal accelerations,
a , lateral accelerations, ay, attitude amplitudes, (pitch),

(yaw) and (roll) greater than the following:

a, 0.02 g

a, 0.0l g
+0,1°
+0,15°
:p.lo

3.1.3.7.2,2 Heading Hold - During the control stick or
control wheel steering mode, the heading hold shall engage
automatically when the AFCS is engaged, and the bank angle
is less than :]o. When the heading hold is engaged, the
AFCS shall maintain the aircraft at its existing heading
within a static accuracy of +1.0 degrees with respect to

the gyro accuracy., When using a flight coatroller, heading
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hold shall be automatically engaged while in the detent
position and the existing heading, as indicated by the gyro,

shall be maintained as specified herein.

3.1.3.7.2.2.1 Transient Response - The heading response
shall be smooth and rapid. After the AFCS has been manually
overpowered to generate a sideslip angle of approximately
15°, the aircraft shall return to the reference heading

with the first overshoot not exceeding 20 percent of the
initial deviation. Acceleration limits shall be as specified

in the AFCS system specification.

3.1.3.7.2.3 Heading Select - In the heading select mode the
AFCS shall automatically turn the aircraft through the
smallest angle to a heading either selected or preselected
by the pilot and maintain that heading as in the heading
hold mode. The heading selector shall have 360 degrees
control. The bank angle while turning to the selected
heading shall be established to provide a satisfactory turn

rate and to preclude stall.

3.1,3,7.2.3,1 Transient Response - Entry into and termina-
tion of the turn shall be smooth and rapid. The aircraft
shall not overshoot the selected heading by more than 1.5

degrees.
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3.1,3.7.2.4 Automatic Turn Coordination - Automatic turn
coordination shall be provided WHEXEVEX/ Ay /IAAEYion/ 88 /¢ 1é
APC3// IAEYAA LA/ X BBIY IV f / dALA Y AY IBH (/1 4/ AL g €AL as required

by the procuring agency during designated AFCS functions

and as required for handling qualities.

Rationale: The arbitrary requirement for turn
coordination when any function of the AFCS is

engaged incurs unnecessary mechanism complexity.

3.1.3.7.2,4.,1 Lateral Acceleration Limits, Steady Bank -

When automatic turn coordination is used the uncoordinated side-

slip angle shall be not greater than 2 degrees and the
lateral acceleratiom shall not exceed 0.03 g, whichever is
the more stringent requirement, while at steady state bank
angles up to 60 degrees. Lateral acceleration in all cases

shall refer to body-axis acceleration at the center of gravity.
Rationale: See 3.1.3.7.2.4 (changed)

3.1.3.7.2.4,2 Lateral Acceleration Limits, Rolling - When

automatic turn coordination is used for aircraft having a

roll rate capability up to 60 degrees per second, the lateral
acceleration, while the aircraft is in essentially constant
altitude flight and rolling from 60 degrees on one side to

60 degrees on the other up to this roll rate, shall be
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maintained within +0.1 g by the AFCS, For aircraft having
a roll rate capability in excess of 60 degrees per second,
the lateral acceleration, while the aircraft is rolling at
rates up to its roll rate limit, shall be maintained within

0.2 g.
Rationale: See 3.1.3.7.2.4 (changed)

3.1.3.7.2,5 Sideslip Limiting - Where sideslip limiting

is a system requirement, the static accuracy while the aircraft
is in straight and level flight shall be maintained within

a sideslip angle of 1 degree or a sideslip angle corresponding

to a lateral acceleration of 0.02 g, whichever is lower.

3.1.3.7.2.6 Altitude Hold - Engagement of the altitude
hold function at rates of climb or dive less than 2000 fpm
shall select the existing barometric altitude and control

the aircraft to this altitude as a reference.

3.1,3.7.2.6,1 Control Accuracy - After engagement and stabiliza-
tion on altitude control, a constant barometric altitude

shall be maintained within the following limits:
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+0.1% at 55 vary-

Tng linearly to +
55-80  §"5% at 80 T 460 ft 490 £t
or or
+0.3% +0 1%
30-55 +0.1% whichever  whichever
is is
greater greater
0-30 +30 ft
0 0-30 30-60

Bank Angle (degrees)
Any periodic residual oscillation within these limits shall

have a period of at least 20 seconds.

3.1.3.7.2.,7 Mach Hold - After engagement and stabilization

on Mach hold, the AFCS shall maintain the selected Mach number,
The steady state Mach number error shall not exceed 0.0l

Mach. Provisions shall be made for trimming over a range of
at least +0.05 Mach. Any periodic oscillation within these

limits shall have a period of at least 20 seconds.

3.1.3.7.3 Automatic Guidance Functions - During the automatic
guidance functioi s, the AFCS-aircraft combination is an element
within the overall guidance loop. The requirements which this
combination has to meet depend upon the performance require-
ments of the guidance loop, the guidance method and the partic-
ular guidance computer. Unless specific perfoirmance data are
established in the applicable system specification, the follow-

ing requirements shall be met.
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3eleje7e3el Automatic Instrument Low Approach System - Since, in
genaral, the guidance computer for the automatic instrument low
epproach system, i.2., the coupler betwsen the receiver end the
AFCS, is ccnsidered part of the AFCS, the overall guidance perform-
ence is specified herein rather than the perforrance of the AFCS-
aircraft combtinaticn alone.

3ele3¢7¢301el locelizer Coupler kode - The localizer coupler shall
provide a smooth =ntry into the lccalizer beam, with beam intercept
angles of 45 degrees st 8 miles cut increasing lineurly to 60 degrees
at 18 miles cut., Consideretion shall te given to provide autometic
engagement. During bracketing, the initial overshoot, 2s indicated
by the locelicer indicatcr, shall not exceed 50 percent of full scale
deflection. The second overshoot shall not exceed the reguirement
for steady state ard transient errors. The steady state error shall
not exceed 10 percent of full scale of deflection, and the transient
errors shall not exceed 20 percent of full scale deflection.

Fele3eT7e3e1s2 Approach Coupler Mode (Locelizer and Glide Fath Mode) -
The approach coupler mode shall sutomatically engage when the glide
path indicator is approximately centered. Incompatible pitch fiight
path functicns which are engaeged shall automaticelly revert to the
OFF position upon engagement of the glide path function. The initial
overshoot during bracketing of the glide path beam shall not exceed
40 percent of full scale deflection. The sacond overshcot shell not
exceed the reguirement for steady state and transient errors. The
glide slope steady state error shall not exceed 10 percent of full
scale deflection. Glide slope transient errors shall not exceed

20 percent of full scale deflection. The glide path coupler shall
provide stable control down to 75 feet above the approach end of

the runway or until disengaged under ncrmal crosswind or gust conditicms.

3el:3¢7¢3.1¢3 Repeatability = Ten consecutive completed approaches
shall demonstrate that no dangerous sttitudes or characteristics are
exhibited and normel lending shall be possible, if desired, at
completicn of each approsach.

Jele34743.2 Navigationael Control Functicn - The features of the
AFCS designed to provide autometic stability and flight path control
in navigating from point -tc point, from steering ccmmands initiated
by various navigational camputers, shall be es defined in the system
specification. Specific rperformance required shall be as defined in
the system specification,

3¢1l4347+3e3 Tracking Control Function = The features provided by
the AFCS to give automatic stability and flight path contrcl during
search for, or tracking of, a target, either from pilot initiated
commands cr from steering commands initiated by a tracxing control
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system such as a bombing system computer, shall be as defined in the
system specification. Specific pertormence required shall te us
defined in the system specification, however, minimum acceptable
performance for those features contained within tne system shall not
exceed the tolerances specified herein. Attention shall bz dirzcted
toward achieving high rates of response, safe limits of performence
of the aircraft, high degree of tracking accuracy and adeguate
stability in order to achieve accuracy of weapon release wnd maximum
kill probability.

3ele3e7¢3+4 Bombing System Tie-In = Automatic flight control systems,
which mey require integration with, or tie-in to, a bombing system
computer, shall contain provisions for acceptance and sheping the
command signal to achieve the desired tracking control performence.

3¢1:3¢703¢e5 Take-off and Lending Control Functions = The functions
provided by en AFCS designed to provide automatic stability end
flicht path control during take-off, cetapult or launch and initial
climdb, as well as during approach and landing, shall be as defined

in the system specification., Specific performence required shall

be as defined in the system specificaetion; however, minimum acceptable
performance for those features contained within the system shall not
exceed the tolerances specified herein.

3ele3.8 General Requirements

J4ls3.841 Gein Control - Adequate means shell be incorporated for
automatically changing the parameters of the AFCS either in accordance
with eirspeed or altitude, or both, or by selfadaptive means to
provide accepteble and fail-safe performance over the operational
ranie of the AFCS-aircraft combination. No single failure shall
result in an uncontrollable aircraft or in a dangerous flight
condition.

3¢le34802 Internal Noise - There shall be no noticeable high
frequency motion of the controls due to noise signals generated
within the AFCS. Control device oscillations which are a necessary
feature of certain selfadaptive automatic flight control systems
shall not exceed the limits of the applicable specification.

Jele348,3 Parameter Ground Adjustment - Controls may be provided
to facilitate ground adjustments ot the AFCS parameters. Such
control provisions, however, shall be held to a minimum and shall
not be readily accessible to flight crews.

3ele3¢8el Service Life Design Objective - Service life design
objectives for automatic flight control systems and components
shall be such that the mean time between failures shall not decrease
when operated under flight conditions in the operational environment
for a total of 1,000 hours. This requirement shall be met with
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normal maintenance, but without the necessity for equipment

overhaul.

3,1.3.8.5 Shelf Life - The equipment shall be capable of
immediate service use without operational conditioning or

maintenance during storage periods up to 24 months,

3,1.4 Pilot's Controls - The pilot's cockpit controls for
fixed-wing aircraft shall be designed and located in accordance
with MIL-STD-203, MS33574, and MS33576, Strict adherence

to the prescribed location and maximum ranges of motion

of these controls is required.

3.1.4.1 Control Sticks - If a control stick is used, and is
removable, it shall be positively latched in place when
installed. It shall be possible to install the stick only

in the correct manner, and suitable means shill be provided

to prevent rotation of the stick. If pilot's control sticks,
other than the conventional center located sticks, are utilized,
demonstra’ ion of their adequacy and suitability is required
prior to installation in an aircraft. Demonstration by
installation on a flight control simulator or in the second

cockpit of a trainer aircraft, or both, may be acceptable.
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3.1.4.2 Rudder Pedals - Rudder pedal size, shape, motion,
and adjustment mechanism for fixed-wing aircraft shall conform
to the requirements of MS33574, MS33576, MIL-B-3584, and MIL-
STD-203, the foot pedals shall be interconnected to insure
positive movement of each pedal in both directions. In an
aircraft capable of long range in which the pilot cannot
move from the seat, folding rudder pedals may be required

to permit the pilot to stretch his legs. In the design

of these, it is essential to insure that the pilot is able

to return the pedals to their normal position and will not
catch or injure his feet during use of the mechanism, If

a kick type rudder pedal adjustment is incorporated, a
numerical index on each pecal should be provided to indicate

rudder pedal pusition.

3.1.4,3 Pilot's Control Forces - The control forces required
at the pilot's control shall be in accordance with the

requirements of MIL-F-8785 , MIL-F-83300, and MIL-H-8501,

These values apply at all ambient temperatures and include
all sources of control force including friction, artificial

feel, bobweight, etc.

Rationale: Added specs apply to V/STOL and helicopters.,
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3.1.5 Control Surface Locks - All flight control surfaces
shall be provided with locks or snubbers designed to prevent
damage from ground wind loads as specified MIL-A-8865, The
control surfaces of any airplane which can be nosed over

or up by high winds when the control surface is displaced
from the neutral position shall be locked in the neutral
position. Power control actuators which do not have pressure
operated bypass provisions may be adequate for snubbing

in many cases. Servo tab and spring tab type surfaces need
not have locks or snubbers installed if it can be shown

that the connecting springs and linkages are sufficient

to prevent gust damage to any of the components.

3.1.5.1 Internal Locks - Internal locks shall either engage
the surfaces directly or lock the controls as near to each

surface as practicable to obtain maximum benefit.

3.1.5.2 External Locks - The control surface lock system
shall be internal in the airplane; external locks on the

surface shall not be used,

3.1,5.3 Pilot's Control - Control for the internal lock
system shall be in accordance with the requirements of MIL-

STD-203., Means shall be provided to lock the pilot's control

178



MIL-F-9490C(USAF

in the unlock position. In addition to the provisions of
MIL-STD-203 it may be desirable to provide for automatic
locking of some control surfaces upon application of thrust
reversal. Particular care must be exercised to ascertain
that it is not possible for pilots to manipulate the surface
lock controls to get a condition wherein takeoff power can

be applied with the control surfaces locked. In the unlock-
ing sequence, the throttle must be unlocked after all control

surfaces are unlocked.

3.1.5.4 Locking Range - The range of movement of the pilot's
control shall be sufficient to insure complete locking or
unlocking of the control surface under the most adverse
conditions of structural and system deflections. In unlocking
the surface locks, a maximum of the first 50 percent of the
range of motion of the pilot's control shall directly and

positively unlock the control surfaces.

3.1.5.5 In-Flight Engagement - These locks shall be so
arranged that they cannot be engaged during flight for any
reason, such as inadvertent operation of the cockpit control
lever, relative deflections between the lock control system
and the aircraft, component failure, combat damage, etc.
Locking mechanisms or snubbers which might create a condition

of locked controls if failure occurs shall be installed
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with a disconnect device which can be operated from the
cockpit to release the entire locking mechanism, or at least

shall be provided with some type of emergency release.

3.1.6 Control Stops - Adjustable control stops shall be
located near the cockpit controls to prevent pilot inputs

in excess of that which can be tolerated by the other compo-
nents in the system or which the airframe can structurally
tolerate. If it is possible for maladjustments, misrigging,
or other conditions to result in damage to the control
surfaces, or main surfaces due to overtravel, adjustable
surface stops shall also be provided adjacent to the surface
itself., The use of the power control system actuators for
control stops is permitted if the actuator is designed for

this purpose.

3,1.6.1 Adjustable Stors - All adjustable stops shall be
positively locked or safety wired in the adjusted position.
Jam nuts (plain or self-locking type) are not considered

adequate as locking devices for this application.

'3.1.7 Additional Requirements for Rotary Wing Aircraft -
These requirements are in addition to the previous specifica-
tions with the exception that the applicable flying qualities

specification shall be MIL-H-8501, and MIL-F-83300, and the
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applicable structural design requirements specification

shall be MIL-S-8698,
Rationale: MIL-F-83300 applies to rotary wing aircraft,

3,1.7.1 Primary Flight Controls - In general, the overall
requirements for helicopter control systems are specified

in MIL-H-8501 and MIL-F-83300 and should be adhered to,

except as approved by the procuring activity, Wherever

blade feathering moments permit, and control force feedback

to the pilot is not objectionable, manual control may be used.
Consideration should be given to steady and unsteady stick
forces and associated free stick motions of the system under
all flight conditions, and in particular when the controls
are released momentarily, such as for bailout, to determine

what requirements exist for irreversible control systems.
Rationale: MIL-F-83300 applies to rotary wing aircraftt.

4.1.,7.1.1 Flight Control Hydraulic Systems - In additian to
previous requirements for the flight control hydraulic system,
the emergency hydraulic pump, if required, shall be driven
from the main rotor, or gear box, so that it will be operative
during autorotative landings., In dual power control systems

at least one power source shall be rotor driven.
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3.1.7.2 Pilot's Controls - The pilot's cockpit controls
shall be designed and located in accordance with the appli-
cable portions of MS33575, MS33572, and MIL-STD-250. Strict
adherence to the prescribed location and range of motions

of these controls is required unless otherwise approved

by the procuring activity,

3,1.7.2,1 Cyclic Pitch Control Stick - If the control stick
is removable it shall be positively latched in place when
installed, It shall be possible to install the stick only

in the correct manner, and suitable means shall be provided

to prevent rotation of the stick.

3.1.7.2.2 Throttle Interconnection - The collective pitch

control shall be interconnected with the throttle control,

and synchronized to provide the pioper thrcttle setting

as collective pitch is increased or decreased, Means shall
also be provided to permit tbrottle control independent of

lever movement, by rotation of the grip on the lever.

3.1.7.2.3 Collective Pitch Lever Locks - An adjustable
friction type lock, or equivalent, shall be provided to
retain the collective pitch lever in any desired position
as specified in MIL-STD-250. In addition, a lock shall be
provided to lock the collective pitch lever in the down

position.
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3.1.7.3 Blade Coning Restrainers - Suitable provisions

shall be made to restrain coning of the blades when starting
or stopping the rotor., It shall be possible to start or

stop the rotor in wind velocities up to 60 knots. from any
horizontal direction, without physical contact of the rotor
blades with any part of the airframe. Means shall also be
provided to prevent contact of the blades and airframe during

flight maneuvers and hard landings.

3.1.7.4 Control Surface Locks - If it is considered that

damage to any of the control surfaces or control mechanisms

may result from gusty air while the aircraft is parked, suitable
control surface locks shall be provided in accordance with

the detail requirements of 3.1.5, except that rotor parking

locks may be external.

3.1.7.5 Helicopter Automatic Flight Control Systems - In
addition to the applicable requirements of 3.l1.3 helicopters
automatic flight control systems shall meet the following

requirements.

3.1.7.5.1 Control Force Steering - Where force steering is
a system requirement, the relationship between cyclic stick
force and attitude or attitude rate in pitch and roll shall

be as specified in the applicable system specification, the
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yawing velocity shall be proportional to the pedal force
during hovering, and unless otherwise specified, the rate

of climb or descent shall be proportional to the collective
stick force and the helicopter shall maintain the established
altitude when no force is applied. To reduce the collective
servo load, the friction lock of the collective stick (see
3.1.7.2.3) may be automatically removed duriug this mode of

operation.

3.1.7.5.2 Coordinated Turn - Unless otherwise specified in
the system specification, automatic turn coordination shall
be operative for the airspeed range between 30 knots and

the maximum airspeed.

3.1.7.5.3 Groundspeed Hold - Where groundspeed hold is a
system requirement, provision shall be made to insert radar
groundspeed signals to the cyclic pitch and roll control.
After engagement of the groundspeed hold mode, the groundspeed
existing at the time of engagement shall be held in calm air

within +5 knots or +10 percent, whichever is greater.

3.1.7.5.4 Vernier Control for Hovering - Vernier control
shall be provided for accurate positioning of the helicopter
during hovering, unless control commensurate with the minimum
accuracy requirements can be obtained with the regular

controls,
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3,1.7.5.5 Stability Augmentation - The stability augmenta-
tion system shall provide, as a minimum, those flying qualities

specified in Specification MIL-H-8501 and MIL-F-83300.

Rationale: MIL-F-83300 applies to rotary wing aircraft.

3,1l.7.5.6 Attitude Hold (Pitch, Roll and Yaw) - During the
attitude hold mode, the attitude, in calm air, shall be kept
within +1 degree of the reference attitude. After the AFCS
has been overpowered to change the attitude by 5 degrees,
the helicopter shall return to the reference attitude with

the first overshoot not exceeding 20 percent.
2,1,7.5.7 Altitude Stabilization

3.1.7.5.7.1 Barometric Altitude Stabilization - The require-
ments of 3.1.3.7.2.6 shall be met when the helicopter is
outside the ground effect. In addition, the transient after
a displacement of approximately 100 feet shall not exhibit

a first overshoot in excess of 20 percent.

3.1.7.5.7.2 Radar Altitude Stabilization - The operational
range of the radar altitude control mode shall he as specified
in the applicable system specification., Within this range,
the helicopter shall be controlled to the indicated radar
altitude with an accuracy, in calm air, of +7 feet or +10

percent, whichever is greater.
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3.1.7.5.7.3 Altitude Select - Where altitude select is a
system requirement, the transition from any engaged altitude
within the operational range of the altitude stabilization
mode to the preselected altitude shall be smooth and shall

not show a first overshoot in excess of 20 percent.

3.1.8 Additional Requirements for Convertiplane Aircraft,
Vertical Takeoff Aircraft, Etc. - The requirements of these
special type aircraft are, in most cases, identical to the
requirements for other conventional and rotary wing aircraft,
Where two different separate sets of flight controls exist,
such as in a convertiplane, it may be possible to eliminate
part of the duplication in one, or both, of the systems
provided that control of the system normally used for landing

is maintained in the event of engine failure.

BAYUBLL/ /RO X ALBR /WEEHARL bl A/ // CAVN EX ALEV /b YRV L Ak 4/ 18
YEqMEYEd/ ANRYY /BE/ BOWEY Ed/ TN/ BAE/ &/l o /¥ RaY /€ RN EX d 1oV /¢ nt
BE/Aeeoup X IANEd/ A\ /ARy /Y XA e (/Y ELRYAYEAL/ BE / eAL I /LA LTMY €
Hydrauyyd/ sy sy dn /ShIXAY'E {/ €¥ e

Rationale: Covered in 3.1.1.2 (added)

3.1.8.2 Automatic Flight Control System, Hovering Flight -
The AFCS shall control the moment generating devices (reaction

controls, thrust modulation controls, etc.) and possibly
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thrust to provide stability augmentation, attitude hold,
altitude hold, control stick steering or other modes of

operation as specified in the applicable system specification.

3.1.8.2,1 Attitude Hold (Pitch, Roll and Yaw) - During the
attitude hold mode, the aircraft's selected attitude in the
pitch, roll, and yaw shall be maintained within a static

accuracy gf/fX/degred /RLYN/tEABELY /¥B/ YL/ LY Y8/ ¥R drevigdl

as specified in the applicable system specification. Tii-

attitude transients in pitch, roll, and yaw shall be weli

damped AWd/SHEYY/ASY/ExRIBIY/d/dRPINE /ALY SX /BT /Y EAE/ X YAhH

@4{3({ with a minimum damping factor as specified in the applica-

ble system specification.

Rationale: Arbitrary limits for all aircraft can
penalize the mechanization for some aircraft and would

be inadequate for others, depending on the mission.

3.1.8,2,2 Stick Steering - The steady state relationship
between stick force and pitch and roll rate or pitch and

roll attitude shall be as specified in the applicable system
specification., If the pitch and roll rate of the aircraft

is proportional to the stick force, the aircraft shall maintain
its existing pitch and roll attitude when the stick force

is released. Where proportionality between stick force
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and pitch and roll attitude is required, trim button command
shall be provided to obtain and hold any desired pitch and
roll attitude. The rate of yaw shall be proportional to

the pedal force and the aircraft shall maintain its exist-
ing heading after release of the pedal force. Unless other-
wise specified in the applicable system specification, a
force supplied to the thrust control shall cause a proportional
climb, or sink, rate of the aircraft and the aircraft shall
maintain its existing altitude when the force is released.
THE/ L YRAASLENY /¢ A Bd /By / &/ BUAAEN / AV BY L EEY 1oV /BF /¢ SNX Y S Y
FoYde4/ ERAYY /B /WEXY/ddrip€éd( Sudden application of control

forces shall have a minimum damping factor as specified in

the system specifications.

Rationale: Words 'well damped" do not allow specific
mechanization criteria ... without adequate specificatious,
the mechanization can have reliability and maintain-

ability penalties.

3.1.8.2.3 Transition - The transition from one set of
controls to another set shall be smooth and shall not cause

undesirable transients.,

3.2 System Installation Requirements

188




S

T A T, TR AT

MIL-F-9490C(USAF)

3.2,1 Strength - The overall strength of the flight control
systems shall be in accordance with the applicable portions
of MIVAKABBEZL MIL-A-8860. The components of the systems
shall be designed IA/décdxdavidd/ Wit/ YR/ SLLENELN /Ui LEs
WEAY £/BE /MILAKABRBOD{ /MILACABOLX 4 /AR /MILAFATYIDL / /LAY €/ ENEYY
VE/skeYEiddd/ Y a/RESANE/ NS/ BULY B/ BT/ ¥k / By dX et/ BY / £ BB dNENY £
WIXY/VE/ MBiedréd/ 18/ dPEXaYidn |/ E1fnéx /Insérulin i e Yy /B

oA I SMEY o { /dY / YSAA L/ LY ERAY EX/ YA/ L SA /RIEN/ ENE/ BEXE /A £
Ve /A ETdédLl to the strength requirements of the military

specifications pertaining to those items.

Rationale: MIL-A-8860, MIL-C-6021, MIL-F-7190 do not

cover all components,

3.2.2 Rigidity - The rigidity of the flight control systems
shall be sufficient to provide satisfactory operation and
to enable the aircraft to meet its stability, control, and
flutter requirements as defined in the APpPLifABY€/porYidvs
B /MILA¥ABTBBY /MILAKABBT B4 /ARd/MIY.AKFBBBE/ system performance

specification. Individual components shall be sufficiently

rigid to withstand normal handling and servicing and shall
not become adversely deformed under operating loads or air-
frame structural deflections, If, due to the use of high

gain control systems or very flexible aircraft structure,
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or both, it appears that structural deflections can cause
undesirable control system inputs, it may be necessary to
provide structural compensation in the control system. This
may be accomplished by several means, such as structurally
tying pivot points in the control linkage to the control
valve or cylinder. It is also possible to design structural
compensation systems which tend to remove part of the control
input signal as high load factors are approached, this acting

as a structural protection device.

Rationale: Requirements over those of MIL-F-8785, MIL-
A-8870, and MIL-A-8865 may be applicable for the particu-

lar aircraft.

3.2.3 Fatigue - The fatigne life of the flight control systems
shall be designed in accordance with MIL-A-8866 and shall
Be/EduaX/¥B{/BY/BELLEX/ YRR /Y NRL /B8 /X NE /ALY T Y AL/ Y AL YUY €L

meet the life requirements defined in the system performance

specifications.

Rationale: The fatigue life of aircraft does not
relate directly to cycles and stress levels on the
flight control components; therefore, the particular
cycle and stress loading life as well as the fatigue
life hours must be specified in order that the design

meet the required reliability.
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3.2,4 Friction and Free Play - Friction and free play in
primary control systems shall be kept to a practicable minimum.
In no case shall the friction and free play values exceed

those given in MIL-F-8785.

3.2.5 Control System Routing - Within the limitations and
requirements contained elsewhere in this specification,
HYL/BBXYIgNA/BE/YNE/CONEYBY/ AY Y e /IR VUALAL /Z AP Y € A{ /U ANF
PUYY/XBAA{/EMEd/Yined]/arid/EXeey ¥ I¢AY /wIrInd/ SHAYY /B e/ b d
EVYOUEN/ ENE /ALY DAL/ 2R /Y NE /B AY /ALY ELY /HANALY /B¥ £X /YW e
AVBYYEAY /BB ASIBYE/ ALY VEE R/ YA YN /BEIRL S VELIRL/ ESViVeY ddL
1Y/ 14/ videdBhdry/ LkL/ AN/ X dd/dnd/ AR LS/ FOULINL /B E/ AdY Exuividd
ERYYY/IN/ENE/AEBLLN/ Y AL/ B/ AN/ AL LY ALY /BXLBY /Y B/ AR X LA
BE/YRE/YBERY IBW/TAY /Y REX/ YRX L/ dAMTBAERY / A8/ X KX /1Y /W LYY/
HEY /BE/HELEBAAY Y/ L8/ Y OULE/YNE/EBRLY BY/ B Ay il / A Srdrid /YK 14

£ ErY L/ /PIXELY /¥ OMYIAL /ALY Y / TR Y SV / EONEYBL/ A A €l
YEAPOVAE /X Edde /TXIEY IgH/HaIMER] /Y UL /ETLRY { /WA / I ER A ¢
YEYIABIYILS L/ /WAEYE/ BB AALBYE[ /EoAY YL /ddv Ide/detriny gy’ d/dNdYY
BE/AYYAENEd /AL ELYYY /Y S/ AL/ EOALYSY /AdVLdE /1B /v 61A /Y ¥ v -
WLLYIAL/MILN/ XERAA/ Y XY BALN/ BXNEY /B XY SbA 4/ 8L/ ¥WE / EbAL XS L
AyA¥eéu{ the control system routing will be through the

aircraft in the most direct manner, consistent with the

survivability and reliability requirements for the aircraft.
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Rationale: Routing affects survivability and reliability
of the flight control system. Depending on the air-

craft requirements, the routing can vary from direct

to very indirect,.

3.2.5,1 System Separation - Where duplicate cable, push

rod, electrical, or fluid systems are provided, these systems
shall be separated as far as possible to obtain the maximum
advantage of the duplicate system with regard to vulnerability
trom gunfire, engine fires, ice formation, jemming by foreign
objects, etc. Where possible, parallel systems should be

on opposite sides of the fuselage, opposite sides of the

wing spar, or similarly separated. Adequate consideration
should be given to the clearance between flight control

system components and structure or other components to insure
that no possible combination of temperature effects, air loads,
structural deflections, build-up of manufacturing tolerances,
etc,, can cause binding or jamming of any portion of the

control systems,

3.2.5.2 Vulnerability - Maximum advantage shall be taken
of the shielding afforded by heavy structural members,
existing armor plate or other equipment for the protection

of important components of the control systems, where necessary.
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FAXLB/ /RGP EY LY VAV /BEYY I EKBIYINA /£ /UL /T YILUY /AL F B X
SY Y Eu S/ AL/ SABBAENY 8/ ANKYY /B /RES LA Ed /T BY /€A /dEL b LBIXIY Y
foAd/ AV IEINE L/ /COABAAERY A/ EXAYY /B €/ A AL déd |/ indYa Y éd(/
Yooy ed/avd /BxoV Ided /HiYR/Aededn/dAdrd/ B8 /YURY /LA APk idn {
YXLLIVE { /¥ EAAYAL { /X EBRIY { /RAR/ YMYY LAY LGV /Z A/ Ve /¥ EAATLY of
AGPIAPY T ENEd /WY VGUY [HARIOY /ALK AAEAVYY /85 /Y /RLXEXRTEL / /BT Y Y
KB/ BY Y ISIGV /T Y /¥ AL INL /AR A /BY /YN e/ eV Yy { / EHAXY

Ve /oA /EoY /YL Y VL /RAd Mo YA TAE / ERE N/ ESAY Y BY./ Y £ ol / ¢ Sl BBV WY
Yo/ PR XY IYAYE /B NELY /Y ILEING/BE /YL /LAY SY /B Sl { /A /¥ &
PEXAHLY /Y AASYRY /BT /L SABAYEAY 8 { /AL XU ATAL /Y& /LR A BY / hX S A€/
WIYUGMY /AT AP IAL /YN ¢ LELINL L/ /BBLEIRY /Y SBYE /YA red /T gY
TAAYAYYSAY LIV /AL Y ILL AL /BT /YA E /L BAY Y SV / Ef v ol €/ EUAX Y /W # /KBy
Yo /& /o IA Xt /v / SRR XY /B8 /T /AL A BA ARALE /LA MILABABBYL L
Cave/SNaYY /We /YAUEU /S /aV YA /AN LY AV YRV I SU /SE /LY ol £ /N LU Sl
YEAUIVE /Y EB Y dEALAY /I /YA E /ALY E [ EASVAY /A d /e IA A XY A Y T
1 /RdY /BBSETBYE {/ ML /RE/ Y SX UL /MY S/ T /v Iig 44

JLXLGLY /3RGEYY /¥ /BY BV AL /AL /AP I LAY & / AUAYY Ve /A £ Vg d

Yo /RY oy Ide /A MARKIAEH /OF /SRR &Y /Y B/ BEY SSAALY /AU Hre /Y e /S U A/
oF /ERAY KYVEY YOV { /HRUAY EARAL & /RVIA /B ATV IQUY /YE Y Hog L / /KA e Ay &
PYEGATY YOUaYy /WY INE S /dnd / pT o vaay Lo /i Y Y /e /ART i AEd /¥ o
CHABSAEAY & /UET /A SAE LA A /e £ S EAY TR /AL / ARV Y )&/ UYL ¥ d

WY /IR S d XYY S /oY /e LY erare E /Br e a3 dURX /hdrv g 6 /ard
PATH Ay L S0/ EVKY Y /O /AVATYRBYE /A /e / hf dY #i A/ S /¢ S B S el
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SBEXAY IV /IR AY Y AY IgV A/ UBEd/TAY /BX AT YIGNY /Y EALTALL //BRY L AF
FACYIYY /BYSY LT dVA/ ANALY /B /ARAE /Y 8/ BYEVERY / BEX ASANEY /T Bl
YEIAL /AeEIARAYAYY Y/ SV JELY €d /Y S/ IA DAY LAUE/VSY Y ALE L/ BY /Pd XYY {
YEHBEXarMY s /aY /ey IaVE/dF /¢ o Bavieny /BaxXY £/

BL24T/ VRIVYEARALE /RYBY Y AL SHE/#/BY EY €A /AN / ¢ SABBVEU Y £/ EWR XY
BE/dESigned /v d/ BYBYLde /T aY /Y ERAY/AeLEAEIBIY Y Y /AN /EBY /¢ SUNELY i BW
BY/SUeU/ Y Esy / eUipneniy /&£ /oiay /e / Y edMired /Fax /T 1EY A /AR INY EVRAEE L
Pegign /a8 /eauipneny / SRouXd/IngYude/BY a1 4 1oV e/ LY /Y NE /¢ onried ¥ Lav
SE/EiXediv{/dx /BYREY /X EBY /FACTYIYI€R{/ VY /Y €Y/ BBIAL /¥ éXAlINA L &

BY /L OVREEY Lo E/ YERAINL /Y B/ EEY EeYEd/BBBIY IdV A/ LN/ XYk / By ¥ ¥Rl
BY/COBIVENY 8L/ /KEYURY /Y SEALLdHE/ EUSUY A /B e/ Ad¥ é Xl ivigd /By

YUE/ Sy SLén/dr /¢ onBonERY /A€ 4ign/drd/ A4/ ApeL 1T idd/ I/ ¥ Ve /AkY ATY

£y AL I/ Y /E OB AV ENY / SBEL LTI RY IgH L/ /BT ALT eV /Y EBY / BBINY &
HOUXA /B /BB Ided/ Y B/ SAEIYILAY €, YL AY IgW /5 /Y€ /eid Y / B OBV Y &

WA XEUREY IdH /WRIEH /ol /BE/ EXLECYEL/ LB/ BE/ EREBUNY €X £/ I/ Ay i ¢
UBALEL/ /EXLEELIVE/AAABELE/BE /Y ERY /BBINL L/ ERAY Y/ BE/ KB idéd
AL/WEXYL

BL2LB//FEBXBYBBEVEAL/ £/ KLY/ EBREXBY/ B By £k 6/ ANAY Y/ BE/ d€digvidd
A8/ YHRY/IAEB XY ELY /EEAERBY Y/ d/ L eV EX dd/ dpEX Y ign /8% /¢BnY aY 6
18/ Inpdhd1BYEL

Rationale: These paragraphs should be a part of the

new maintainability section 3.3.38.
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3.2.9 Fouling Preventing - All elements of the flight control
system shall be suitably guided, protected, or covered in all
compartments where it is possible for them to be fouled by
dropping of articles, loading of cargo, changing of engines,

etc,

3.2.10 Drainage - Adequate provisions shall be made to drain
control system components subject tec the accumulation of

moisture or fluid leakage.

3.2,11 Hydraulic Systems - Hydraulic systems shall be in
accordance with the requirements of MIL-H-5440, and shall
comply with the design objectives of 3.1. Cylinders and
actuating systems should be designed to obtain minimum cylinder
movement to alleviate the need for hydraulic hoses or swivel
joints., Hydraulic line routing shall be such that slack control
cables cannot hook or chafe on tubing loops during tightening
of the cables, In order to obtain the desired action from

the control systems, hydraulic bypass provisions may be
necessary to prevent fluid lock or excessive friction loads
when failure of the hydraulic system occurs. Bypassing should
normally occur automatically when system pressure drops below
the minimum acceptable value for actuation. When manual

control is possible following hydraulic failure, provisions
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should be made to permit bypassing of the hydraulic systems
for checkout purposes and to permit pilot training of the
emergency manual system. When dual hydraulic systems are
provided, there shall be adequate provisions or methods for
readily checking the condition of both systems prior to flight

without the benefit of ground support equipment.

3.2.11.,1 System Pressure - Systems which use a pressure lower
than the full hydraulic system pressure shall be designed to
withstand and operate under the full pressure system or shall
have a relief valve installed after the pressure reducer if

the full pressure would be detrimental or dangerous.,

3.2,11.,2 Pilot Warning - Warning of hydraulic system failure
shall be provided to the pilot in the form of a red or amber

warning light.

3.2,11.3 Filters - FINE/Yd/Yev/widran/fIYYExs/ MY/ BE/IRAY ALY A
DA gdLAY €YY/ dViddd/BE / EAL Y/ BBVEY /EORLYBY /AL E/URYEAL /1Y /Edrt
B/ BRd /YA /AL XY IVE Y /WEYY /gy /BeeY{ Filters of a micron

rating suificient to prevent silting shall be installed ahead

of each control valve unless it can be shown that silting will

not occur with the normal aircraft hydraulic system cleanliness

rating. "Silting" is the deposition of fine particles of

dirt and other contaminates in power control valves causing
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high breakout forces and poor performance, particulariy if

valve leakage rates are low.

Rationale: 5-10 micron filters may not prevent silting.
Silting depends on valve clearnace plus particular cleanli-
ness of the hydraulic system. Inclusion of filters on

an arbitrary basis of a - arbitrary rating degrades relia-

bility/maintainability.

3.2,11.% Ground Checkout - The hydraulic systems shall be
designed and installed in such a manner that ground checkout
of all systeas, including automatic control systems, can be
made by the use of a standard dual system hydraulic test
stand without the necessity of reservicing anv of the systems

after completion of testing.
3.2.12 Torque Transmission Systems

3.2.12,1 Flexible Shafting - Flexible shafting may be used

in flight control systems provided that minimum bend radius,
rated rotational speed, and rated torque are not exceeded,

and a testing program shows that extreme temperatures and
other operational variations and environments do not adversely
affect the installation. Flexible shafts shall be installed
with the fewest possible bends and shall be securely fastened

to supporting structure at close intevvals. Installations
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which require high response rates shall normally not utilize

flexible shafting.

3.2.12,2 Torque Tube Systems - In the design of torque tube
systems, consideration must be given to airframe deflections,
differences in linear expansion due to temperature, impact
loadings due to actuators contacting positive stops, etc.,

to provide adequate compensation for these effects. A minimum
of parts, joints and related components shall be used to
accomplish the required purpose; however, it must be possible
to remove the torque tube sections from the airframe and replace
them readilv. Attachment bolt size, location in torque tubes,
and attached components, shall be designed to give maximum
strength and durability while keeping the number of attaching
bolts to the minimum. In some cases one large bolt is as
strong as two small bolts, and the larger bolt installation
weakens the torque tube fitting less than two small bolts.
Clearance holes through structure should be adequate to insure
clearance of the torque tubes throughout the maximum airframe

deflections.

3.2,12,2.1 Supports - All torque tubes shall be mounted on
anti-friction bearings (preferably self-aligning) spaced at
close enough intervals to prevent undesirable bending or

whipping, or both, of the torque tubes.
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3.2,12,2,2 Tubes - Tubes shall have a minimum wall thickness
of 0.035 inch and shall be seamless, except that steel tubes,
seam welded by the electrical resistence method may be used.
Consideration shall be given to the natural frequency of
vibration of the tubes with respect to vibrations set-up in

the aircraft,

3.2,12,3 Universal Joints - Universal joints or flexible
couplings shall be installed as required to prevent binding

of systems due to misalignment of the supports, or deflection
of the aircraft structure. Universal joints shall not be used
for angularities greater than that recommended for the specific

component by the manufacturer,

3.2,12.4 Slip Joints - Splined slip joints or suitable means

shall be used to absorb linear dimensional changes due to
structural deflection. Adequate engagement shall be provided

to insure that disengagement will not occur.

Rationale: Restriction to spline slip joints is too
limited and does not allow use of potentially more

reliable techniques.

3.2,12,5 Warning Placards - When torque tubes are located

where maintenance personnel or crew members can (or ''are able
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to') use them for hand holds or steps, placards shall be

installed warning against this practice.

3.2,13 Cable Systems - Cable systems, in addition to meeting
the other requirements of tr ‘s specification, shall meet the

following additional require.:ents.

3.2,13,1 Clearance - Clearance between adjacent cables shall
be at least 3 inches to facilitate proper installation, to
insure easy maintenance, and to prevent cables from chafing.

Suitable fairleads or guides shall be provided as required.

3.2.13.2 Fairleads - Fairleads shall be used wherever necessary
to keep cables from chafing and slapping against each other
and adjacent parts of the aircraft. Fairleads shall not cause
any angular change in the direction of the cable. Fairleads
shall be split to permit easy removal unless the size of the
hold is sufficient to permit the cable with swage terminals

to be threaded through. Where space permits, the fairleads
should clear the primary flight control cables by a minimum

of 1/4 inch. The cables may rest against the lower edge

of the hole in fairleads on long straight cable runs where

the cables would normally sag due to their own weight even

though properly rigged.
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3.2,13.3 Guards - Guards shall be installed at all sheaves
(pulleys, sectors, drums, etc.) to prevent the cable from
jumping out of the groove of the sheave. Guards shall be
installed at the approximate point of tangency of the cable
to the sheave, Where the cable wrap exceeds 90 degrees, one
or more intermediate guards shall be installed. To prevent
binding of the sheave due to relative deflections in the air-
craft structure, all guards shall be supported by the supporting
brackets of the part which they guard. Additional guards
shall be installed on sectors at the point of entry of the
cable into the groove from its attachment, The design of

the rubbing edges of the guard and the selection of materials
shall be such as to minimize cable wear and preven:t janming

even when the cable is slack.

AZLXBLYR/ /CABYE/LBRAR/ £/ CRYYE/ XB-A L/ SUALY /BE /ALK RIA /X E/ X It iK 6
Bpeeifidd/ v/ KV BL/NEBAYL/ / CAVYER/ EVNAYY /B /BE/ BB ey éd/ ¥ d
EYILIEAY /BERAL/ AL/ ERE/ AL LBA/WLLR/ EABYE /Y EXHINRAY S/ BY / BYUEY
AYYAEWIAL/ BAINL 4/ SAEH/dE/ dxu £/ NBXr 4]/ E¥eL

Rationiale: AFSC MR0O-1 is obsolete.

3.2,13.5 Cable Alignment - Cable alignment with fixed mounted

pulleys shall be within the limits specified in AFSC MB@<Y/
Handbook DH-2-1.
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Rationale: AFSC M80-1 is obsolete.

3.2,13.6 Attachments - Terminals, disconnect fittings,
turnbuckles, etc. shall be provided as necessary to facilitate

rigging and maintenance of the cable systems.

3.2.13.7 Location of Attachments - Cable disconnects shall
be located and designed so that it is physically impossible
to misconnect in any manner, either cables in the same system
or the cables of different systems. Cable disconnects and
turnbuckles shall be so located that they will not hang up

on adjacent structure or equipment or on each other and will

not snag on cables, wires, or tubing.

3.2.13.8 Turnbuckles - Turnbuckle termminals shall not have
more than three threads exposed at either end. All turnbuckle
assemblies shall be properly safetied in accordance with

MS33591.

3.2,13.9 Cable Tension - Cable tension regulators shall be
-rovided, as required, to insure positive cable tension under
all operating conditions. In the interest of reducing control
system frigtion, initial tensions ghould be held to the lowest
practicable values that provide safe and satisfactory operation
considering probable application of limit loads to the system

and the effect of temperature variations.
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3.2.13,10 Cable Size - Cable size shall be adequate to meet
the load requirements of the system with ample safety factors
to compensate for wear and deterioration where pulleys,
fairleads, etc., are encountered. However, cable size shall
also reflect permissible cable stretch, pulley friction values,

and other variables which effect system performance.

3.2.13,11 Sheave Spacing - In any given cable run, sheaves
(pulleys, sectors, drums, etc.) shall not be installed closer
together than the maximum length of cable travel so that no

portion of the cable shall ever pass over more than one sheave.

3.2.14 Push-Pull Rod Systems - Push-pull rods shall be
designed to accommodate easy servicing and rigging and shall
not have more thau one adjustable end. Push-pull rods shall
not be used to carry heavy compression loads, but where both
tension and compression loads exist, the greatest load should

place the rod in tension.

3.2.14,1 Terminals - The fixed end of the rod and its attach-
ment must be such that rotation of the rod is prevented at all
times. The adjustable end must be of the clevis type or join
a clevis type in such a manner that it is also prevented

from rotating.
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3.2,14,2 Supports - All push-pull rods shall be support.u
by suitable levers, bellcranks or roller guides to aid in
preventing buckling and to prevent fouling in the event of

rod failure,

3.2.14,3 Clearance - In general, the clearance between push-
pull rods and torque transmission components and aircraft
structure and equipment shall meet the requirements of 3,2.13.l.
In complex assemblies such as mixer mechanisms, gear ratio
changers, etc., a minimum clearance of 1/16 inch between
adjacent moving components is permissible. Consideration

shall be given to the effect of tolerances in manufacture,
assembly, installation, rigging, normal wear, and normal

deflection.

3.2,15 Control Chain - Control chain may be used in those
applications where other means of power transmission are not
suitable, When it is used, it will be of standard aircraft
quality and shall conform to MS26534., The connecting links
shall not use spring clips for retention, but shall use standard
AN, non-hardened, cotter pins. Roller chain shall be subject

to the approval of the procuring activity,

3,2.16 Flectrical and Electronic Systems - Electrical and

electronic installations as required for the components of
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the flight control systems shall be designed and installed
in accordance with MIL-STD-704, MIL-E-7080, MIL-E-25499,

MIL-1-8700, MIL-E-5400 and all other existing system and

component specifications. Systems which are especially critical
for aircraft flight control, or which would jeopardize safety

of flight if malfunction occurred, shall, to the greatest

extent possible, be provided with built-in limiting devices,
emergency disconnects, alternate systems, and other safety
measures as required to insure safe operation of the systems,
Systems for use as primary flight control systems shall,

except for power source, have no interconnection with any

other electrical system. Radio interference created by the
systems and components shall be within the limits of MIL-E-

6051 and MIL-I-26600, respectively.

3.2,16,1 Overload Protecticn - Overload protection of the
primary power wiring to the system or component shall be
provided by the airplane contractor. Installation requirements
of the system or component specification shall specify the

values of starting current versus time, surge currents if

applicable, normal operating current and recommended pro-
tective provisions. Additional protection as necessary

shall be provided witiin the system or component. Such
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circuit protection shall not be provided in signal circuits or other
¢ircuits where opening of the protective device will result in the
application of en unsafe ccntrol motion of the aircraft.

3.3,16.2 Electrical Fower - The AFCS shall operate satisfactorily in
sccordance with the performance requiremants specificd herein when
supplied power conforming to the applicable requirements of MIL-STD=70l .

3.2.16.2.1 Emergency Limits - Reduced AFCS operationel performence
ts permissible under emergency conditicns provided safety of flight
{s not compromised and no damage shall result to the AFCS equipment,
The AFCS shell resume normal operation automatically when the
gpecified values return to the opereting limits.,

3.2.16.2.2 Fhase Separation - In systems affecting safety of fligat,
vhich use ac power, the phase conncctions shall be separated throughe-
out the systems sufficiently that phase reversal is impossible, and
thut incorrect electrical connections are readily apparent to the
pllot.

342,17 Celioration adjustments, Controls and Knobs

3.2.17.1 Controls and Knobs - Controls end knots requiring menipula-
tion in flight shell ogerate smoothly with negligitle tacklash or
binding, Means shall te prcvided to prevent movement due to shoex

or vibrations encountered in service. Coatrols and knobs shall te
readily accessible and of a size and chape for convenience and ease
of operation under all service ccnditions. The direetion of motion
of the knob or control and the lceation within the cockpit shall bve
in eccordcnce with the requirements of MIL-STD-203,

3.2.17.2 Calibration Adjustments = Calibration adjustments required
for ground maintenance of the system or componsznt shell be kept to

6 minimun.s The system objective shall be to concentrate ell required
g¢round adjustments in one mzjor ccomponent ¢!’ the system, It is
jreferred that the removal of an euxiliary cover plate te necessary
for access to calibration adjustment. Suiteble means shall be
provided to prevent a change in adjustment from occurring due to
8hock or vibrations encountered in service. These adjustments shall
be lebeled, indexed, and mer<ed in such a manner that only visuel
reans are necessary for -setting the desired adjustment.,

2e2.18 Dynamic and Static Pressure Systems and Air Data Systems =
Whenever flight control system components require connection to

pltot tubes or static ports, the required perfcrmance shall te
Obttuineble from pitot tube and static pert installations conforming

to the requirements of MIL-F-26292., Compensation cf static or dynamic
tignals, which may be required to obtain desired performance, shell

te accomplished within the system or components. Whenever the AFC3
fequires outputs from a centrel eir data system, the chaeracteristics
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of the outputs, both static and dynamic, shall be submitted
by the AFCS contractor at the earliest possible date in order
to insure compatibility between the AFCS and the air data

system,
3.3 System Component Design Requirements

3.3.1 General - The design of components which are used in
flight control systems shall conform to Government specifi-
cations if specifications exist for that particular component.
If component specifications do not exist, all pertinent

general Government specifications regarding materials, workman-
ship, processes, etc., shall be adhered to where possible.

AN standard or previously approved components shall be used
where possible and when suitable for the purpose. Components
shall be designed to meet the reliability requirements of

the component specification as determined by the system

reliability requirements specified in 3.1,
3.3.2 Bearings

3.3.2.1 Antifriction - Approved type WfYY bearings, in
accordance with MIL-B-3990, MIL-B-6038, MIL-B-6039, #rd
MIL-B-7949, MIL-B-8942, MIL-B-8943, or MIL-B-81820 shall

be used throughout the flight control system, except as
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indicated in the following paragraphs. IH/¥HE/éveévy/dééig
YioitdY 16V 4/dd/ABY / B€rliy / ¥/ MaE/ B8 /BAYY / VLAY IR LA { /B EXBY T A
CAYEd/ANIEYAEA/YSYXEY /BX /HEEALE/ BEAY INE /Y /BE/MEEd/IN
A¢dBrdavidd /WIER/ MILABL3IID/AVd/FRABAYB3L Where needle or

roller bearings are used, consideration shall be given relubrica-
tion provis%pns. The inner race of the bearing shall be

clamped to prevent rotation of the inner race with respect

to the pivot bolt. Bearing installation shall be arranged

in such a manner that failure of the rollers or balls will

not result in a complete separation of the control. Direct

axial application of control forces to a bearing shall be

avoided if possible. In the event such an arrangement is

necessary, a fail-safe feature shall be provided.

3.3.2,2 Spherical Bearings - Where design limitations preclude
the use of antifriction bearings, spherical type, plain
bearings approved by the USAF may be used. When used, spherical

bearings shall have adequate provisions for lubrication,

3.3.2.3 Journal Bearings - The use of plain type journal
bearings shall be avoided, However, where substantiated,

and where play and friction are not major consideration,
journal or plain bearings in accordance with MIL-B-5628 and
MIL-B-5629 with adequate and accessible provisions for lubri-

cation may be used.
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3,3.2.4 Sintered Bearings - Sintered type, or oil impregnated
bearings shall not be used in those parts of the flight control
systems which have slow moving or oscillating motions, Fast
moving rotating applications such as in qualified motors

and actuators are permissible., Bearings shall conform to

MIL-B-5687,

3.3.3 Cable - Cable used for the actuation of flight controls
shall be in accordance with MIL-C-5424, Nonmagnetic, corrosion-
resistant cable, when required, shall conform to MIL-C-18375.
Cable assemblies using swaged type terminals shall be proof

load tested in accordance with MIL-C-5688,

3.3.3.1 Cable Terminals - Standard AN cable fittings in
accordance with MIL-T-6117 and MIL-S-5676 shall be used

whenever possible.

3.3.4 Turnbuckles - Turnbuckles used in flight control cable

systems shall be in accordance with MIL-T-5685,

3.3.5 Pulleys - Approved MS standard pulleys in accordance

with MIL-P-7034 shall be used in flight control systems.

3.3.6 Push-Pull Rods - Push-pull rods must be designed to
meet the requirements of 3.2.14 with regard to preventing

rotation of the members. Rod ends in accordance with 3.3.2
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shall be installed as required and shall be locked with

NAS 513 washers and NAS 509 nuts.

3.3.7 Tie Rods - Tie rods and terminals, if required,

shall be in accordance with MIL-T-5684 and MIL-T-5683,

3.3.8 Universal Joints and Flexible Couplings -
Universal joints and flexible couplings shall be in
accordance with MIL-J-6193 and MIL-U-3963. Other
flexible couplings may be used following approval of
the procuring activity and determination by the
contractor that they are adequate from static, dynamic,
impact, and fatigue considerations. The design shall
be such that assembly, installation, and maintenance
can be readily accomplished with little possibility

of error.

3.3.9 Actuating Cylinders - Hydraulic cylinders used
for actuating flight control devices shall be designed
in accordance with MIL-C-5503 with the exception of
the life cycling test which shall be as required in

3.3.9.1 and 3.3.9.2l

3.3.9.1 Manually Controlled Systems - Manually'controlled
primary flight control systems shall have the actuating
cylinders and valves (see 3.3.10) cycled for AY/Yédsy
2{800/000 /¢y e/ UAdex /YHe/FBX YW InL/ ALY €4
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YO{0008/¢yeYEd/ £/ TAYY / AY Y oUE /i / Yddd
290/000/¢yYLYER/ A /SUEAVALE / A ¥ BUE /A d /Yo d
708{000 /e e/ f/ YD/ BEXEENY /Y B KE/ANd /Y Ad

X{00084/000/¢4LLEA/ A/ 1/ BEXEENY /XY BKE/ BN/ Y BhA
THE/¢fEXed/udy /BE/ INY EXriiked/dd/ddA1x éd/ AN d /padKINE
EHAN e S/ A E/BEXRIN Y Ed/ AT Y EY / EAEN / BOD (00D /¢ ¥ Y 6L

the number of cycles and schedule specified in the

system performance specification in order to establish

a nominal reliability consistent with the system

performance requirements.

Rationale:

Reliability requirements and demonstration

of the same vary from aircraft to aircraft.

3.3.9.2 Automatically Controlled Systems - In systems
which receive inputs from an AFCS, the requirements
will be as in 3.3.9.1 except {HAY/YHeé/rvnlBEr/dE/¢¥¢Yés
Yeduiréd/dy /2 /vExé vy /Y add/dnd/ Y Y oUe/ SUAYY /B¢
InEYEhddd/Yd /¥ {000 /300 for modifications stated in

the system specification.

Rationale:

Reliability requirements and demonstration of

the same vary from aircraft to aircraft.
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3¢3¢9¢3 Environmental Conditions - During the life cycling, the
ambient temperature conditions and the hydraulic fluid shall be as
expected to exist in the aircraft. In addition to the test require-
ments specified in MIL-C-=5503, the tests specified in MIL-STD-810
shall be accomplished.

3:3.94 Design Details - If bypass provisions are necessary, they
shell be provided integrally in the cylinder and valve asserbly.
Bypass mechanisms shall operate from the system prescure end shall

be autometic in opening and closing as hydreulic pressure drops or
increases tc a value specified in the detail specification. Where
dual cylinders sre required, they may be designed as tandem cylinders,
in one barrel, provided there is no interconnection between the two
which will permit interflow and permit one failure to jeopardize both
systems., Retaining rings shall not be used in assembling the cylinders,
but rather, all end caps, etc., shall te secursd by threading to the
barrel or other components and be lock wired. Cylinder rod ends shall
be appropriately fastened to the piston rod and suitably safetied

to prevent relative rotation.

3.3.10 Mechanical Hydraulic Power Control Valves = Specification
MIL-V=-7915 shall te used as a general guide for the design and testing
of the power control valve utilized for mechanically controlling the
control device hydraulic actuators. These valves shall te designed

to give amooth operation with flow rete vs spool dieplacement curves as
linear as possible. Internal leesikage shall be a practicablie minimum,
consistent with permissible operating forces, extreme temperature
effects, control sensitivity, and other governing fectors. The

control valves shall be connected or attached to the actuating cylinders
during the endurance, extreme temperatures, vibration and salt spray
tests.

3+3.11 Electro-Hydraulic Power Control Valves - Electro-hydraulic

povwer control valves shall be designed in accordance with MIL-V~27162,
Complete environmental testing is required for these components.
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Life and environmental tests shall be consistent with
those required for the other parts of the system, such

as the actuating cylinder.

3.3.12 Electromechanical Actuators and Electric Motors -
Electro-mechanical actuators and actuating systems shall
be designed in accordance with MIL-A-8064., Electric
motors shall be in accordance with MIL-M-8609 and
MIL-M-7969, The life test shall WErAdYYy/IAgYde&,/ YId {000
CYeYEE/ AL/ ApeCiL IkA /TN /AILAKABIBRL / /SWESEX { / IV /Y Yé

EVERY /YRRY /dn/dALouay ig /FYTENY /¢RL LB/ EY S é /I #dy 4
AMY By Yot/ BIgHAX A/ IALB/ YN/ ALY ARY Y ] /L RE/ X1T €/ L YL X INE
BUEYY/VE/dY/LEREY /Y 00D (BB /YL XEL/hy / SMIY AV Y E/E ¥ EAMERLY {
AMBYLYUAL{/AAA/ XBRA /WAL Y €/ EXBBAEA/ Y B/ X W€/ ANt IE L BAY #d
ALLEYATY / #riv I BAd gAY AY / EBHALLABUAL / /G LY dX / AU X £ /87
CYLY IV ENAYY /BE/UAEA/ 1Y /APBY BBY LAY €/ AAd/ X Ed S AV EL

be consistent with the required systean reliability

requirements as specified in the system specification.

Rationale:
Life test needs to reflect reliability require-

ments of the particular aircraft,

3.3.13 Flexible Controls - In installations where they
are approved, flexible push-pull controls shall

conform to MIL-C-7958,
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3+3.14 Cadble Tension Regulators - Tension regulators shall be of a
size which will insure that the cable system being regulated will
remain at the proper tension at all times., Lock wire provisions for
the adjusting mechanism shell be provided. The design shall be as
simple as possible to accomplish the desired result and shall permit
easy adjustment of the cable tension. Integral calibration shall be
provided to show proper cable temsion without the use of external
tensianeters or other equipment.

34315 Retaining Rings - Standard retaining rings may be used in
locetions where they are not subjected to heavy lcads and where their
loss would in no way compromise control of the aircraft. Each installa=-
tion utilizing retaining rings must be approved by the procuring
activity. Utilizetion of nonstandard retaining rings is subject to

the approval of the procuring activity.

3¢3.16 Electrical and Electronic Components - All electrical equip-
ment in the ccntrol systems shall be designed and installed in
accordance with MIL«E-54,00, MIL-E-7080, MIL-E=25499, MIL-W~5088,
MIL~A-8064, MIL=M=8609, MIL=E=4682, MIL-M=7969, and any other
applicable specifications. Specific consideration shall be directed
toward achieving simplicity, producibility, and maintainability of
equipment. Internal construction techniques shall include, but not
be limited to, the following items:

a. Passive elements shall be mounted on a base s0 that the
leads do not cross other leads or coanections.

b, Electronic parts shall be mcunted so that ease of pro=-
ducibility and maintainability is assured., Whenever feasibdble,
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parts such as roesistors, capecitors, etc., shall be mounted in an
even, regular, row type arrangement,

¢. Electronic parts shall be derated to conform with service
1life, reliebility, and confidence requirements.

d. Heavy electronic parts and assemblies shall be solidly
mounted so that adverse effects when subjected to vibration and
shock will be minimized.

e. Connectors shall be 1rigidly mounted and shall be of such
construction that they will not warp or cause intermittent operation
when subjected to large temperature differentials, vibration, and
shock.

f. Cables shall be securely mounted and be so arranged as to
cause negligible strain or stress on the connectors, and to minimize
noise pickup,

g« Wiring cebles shall be routed away from hot parts, such as
resistors, etc., so0o as to minimize the possibility of damage or
deterioration of the insulation.

he. When cooling air or heat sink techniques are not used,
circuitry shall be so arreanged as to insure as even a distribution
of heat per unit area as is possible

1. When cooling air or hcat sink techniques are used for heat
dissipation, care shall be exercised to insure that the relatively
cool operating parts are not adversely affected.

Jje Redundant circuits shell be isolated to preclude catastrophic
failure of one portion of the circuit from affecting eany other portion
of the circuit.

3.3.16.1 Electron Tubes - The number of tube types shall be kept to
e minimum consistent with obtaining the specified performance with
best design practices. The selection eand application of electron
tubes shall be governed by the applicable requirements of MIL~E-4682,
Where tubes are used, the related circuit design shall be such that
the tubes will be operated at ratings and under conditions which will
provide uniform performance and the best reliebility during the life
expectancy of the tube,

3+3.16.2 Electrical Tape - No pressure-sensitive (adhesive or
friction) febric or textile tape shall be used. Nonmoisture absorbing
tape may be used for mechanical purposes, with the approval of the
procuring activity.
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3¢3.16.3 Switches

3.3.16.3.1 Toggle Switches = Toggle switches shell conform to the
requirements of MIL-S-3950. The operating position requirements of
MIL-E-5400 shall normally apply.

3.3.16.3.2 Rotary Switches - The use of rotary switches shall not
be permitted unless specifically approved by the procuring activity.

343.16.3.3 Pushbutton Switches - The use of pushbutton switches shall
require specific approval of the procuring activity. The design shall
comply with the requirements of MIL-S-6743.

3¢3.16.3.4 Special Switches - The design of manually actuated special
switches shall be subject to the approval of the procuring activity.
All epplications of special design switches shall comrly with the
performance and environmental requirements of this specification and
the detail specification.

3.3.16.4 Semiconductors - Semiconductors selected for use in auto-
matic flight control systems and components shell be in accordance
with MIL-S-19500., They shall exhibit no transient or permanent change
in operaticnal rating which may affect the performance of the system
or component when the system or component is subjected to the extremes
of environmental and operating conditions specified herein and in
detailed system end camponent specificetions. Such operational
ratings shall be considered as those characteristics pertinent to

the system or component performance.

3.3.16.5 Saturable Reactors - Saturable reactcrs used in automatic
flight control systems end components shall comply with the eaviron-
mental and performance requirements specified nerein and in detail
system and component specifications,

3e3.16.6 Printed Circuits - Printed circuits and other similar
miniaturization processes and packaging techniques used in autcmatic
flight control systems and components shall comply with the environe
mental and performance requirements specified herein and in detail
system and component specifications.

3.3.16.7 MAdVek/ BRIt/ BY Wﬂv’ﬁ#/?’obbﬁmé/ FMOARYRY by
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3.3.16.,7 Modularization - The equipment shall be

functionally modularized at all levels of assembly/

disassembly, Additionally, the following requirements

apply to the entire equipment:

(1) The system replaceable assemblies shall be

packaged in modular form easily removable for repair

by replacement, As a design objective, system replace-

ment assemblies shall weigh less than 40 pounds. No

more than 10 percent of the system replaceable assemblies

shall exceed 40 pounds in weight and no system

replaceable assemblies shall exceed 80 pounds in weight.

Each system replaceable assembly system shall be

designed to have a Mean Time Between Failures (MTBF)

as specified in the reliabiliiy allocation.

(2) Where feasible, components shall be packaged

into discrete replaceable modules of such cost and

reliability that disposal-on-failure rather than

module repair is the most cost effective logistic

support action., Performance, operability, design

complexity, reliability, system life, functional use,

supply support, equipment cost, fault isolation,

repair costs, and equipment availability are typical

trade-off factors to be considered when determining

whether a module shall have several or many micro-

electronic circuits, discrete components parts, etc.
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Any module costing dollars or less (see

System Design Spec), having a reliability of 50,000

hours or greater MIBF shall be designed for disposal-

on-failure, Other modules require procuring activity

approval if the module is to be designed as

non-repairable.

Rationale: This is an important concept to
organizational level maintenance. Failures
are quickly remedied when the failed part can
be unplugge.i and replaced by another unit with
a minimum of analysis. Parts must be designed

with the human factors in mind as well as the

logistic costs.

3.3.16,7.1 Modules or subassemblies should not be
smaller than that required to perform a single
function. (As an example, an amplifier or power

supply.)
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3¢3416.7.2 Since connectors and receptacles represent & high percentage
of electronic equipment failures, special emphasis shall be given to
proper selection and application of those devices and their number

shall be kept to a minimum.

3¢3¢16.7.3 Possible requirements for complex test equipment and test
procedures shall be considered prior to adopting a moduler desiga.

3¢3416.7.4 Modules intended for field replacement shall be so con~
structed that electronic parts or connector pins shall not be exposed
outside the frame of the module.

3¢3.17 Fastenings - In general, fastenings and other miscellaneous
hardware used in flight control systems such as nuts, bolts, switches,
relays, etc., shall be those for which Air Force, AN or MS standards
exist. In cases where it is not obvious why nonstandard parts are

used, justification shall be required prior to procuring activity
approval. In applications for which no suitablLe AN standard part

is available on the date of invitation for bids, commerciul parts

may be used provided they conform to all of the requirements of this

and the detail specification. When nonstandard parts are used, the
contractor shall maintain e file containing a data sheet in accordance
with Figure 1 on each nonstandard part. This file shall be available
for examination by the procuring activity at any time during the life of
the contract. Particular care must be exercised in the selection of
fasteners to insure ease end reliability of maintenence and to eliminate
the possibility of their loss from critical connections, Ability to
inspect installed fasteners to insure integrity and security must be
sssured.

3¢3.17.1 Bolt Retention = Self locking nuts, drilled bolts, castellated
nuts, cotter pins, plate nuts, safety wire, or same equivelent positive
meens of bolt retension, shall be used throughout the flight control
systems. Self lccking nuts shall not be used for critical applications
such as attachment of rod ends to bellcranks, attachment of fpulleys

or quadrants to brackets, and attachment of trim actuators to structure,
where & single attaching bolt is used to retain the component or

connect the system. Alternate means of locking might include such
devices as using drilled bolts with cotter pins installed below the

nuts or using drilled head bolts and drilled nuts to permit installation
of lock wire. When self locking nuts are used, they shall be in
accordence with MIL-N-25027 end MS33588.

3¢3.17.2 Spring Pins - Spring pins will not be permitted in prirary
flight control systems unless they are positively retained by same
means other than their own spring effect. When they are used, they
shall be installed in accordance with MS33547.
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3¢3+17.3 Bolts - Bolts smaller then 1/4 inch shall not be used to
make single bolt connections, or connections which are essential to
the proper functioning of the systems. They mey be used in attaching
brackets to airframes, etc., when several of the bclts are used in a
single application.

5¢3.17.4 Lock Wiring - All hardwere and components which are not
positively secured by other means, shall be secured by lock wire or
cotter pins in accordance with MS33540 end MS33591. Turnbuckles shall
be lockwired in accordance with MS333591.

3.3.18 Fairleads end Rubbing Strips - Fairleads shall be designed
of suitable nonabrasive, nonhygroscopic material, Fgirleads shall
have holes of sufficient size to permit the passege of cabie end
fittings or shall be of the split type for easy removal. The design
of the rubbing edges 3hall be such as to minimize cablLe wear and
prevent jamming. Rubbing strips shell meet the same generel require-
ments as fairleads.

3.3.19 Control Stick GCrips - Unless otherwise specified, pilots
control stick grips shall be in accordance with MIL-G=25561.

3.3.20 Contrcl Wheels - Unless otherwise specified, control wheels
shall be of the W type, 14 to 16 inches in diameter. They shall be
constructed of s light-weight, nonhygroscopic, nonslippery, nonsticky
black material with a low heat conductivity. The forward face of

the portions gripped by the hand shell have corrugations to fit the
fingers end provide a good fingsr-type grip surface.

3.3.21 Contrcl Stick and Surface Dempers = Control surface and

control stick dampers, if required, shall be ccmpietely defined by

a detail specificetion in accordance with the requirements of each

specific application. Such dampers will generally be sither

hydraulic or electro-mechanical and will conform to applicable specifica-
tions for those types of equipment. Dampers shall be designed so that

they can be overpowered by the pilot in the event of failure or mulfunction
L Al i RS o
ST LANALLAT AR A AR/ dAARLON | bt ) Shheheb/ ;?/
s b i S LT
e e e e e
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Amplitudes and loads for the number of cycles shall

be specified in the system specification. The dampers

shall be capable of an operational time without

servicing which is consistent with the MI'BF specifications

for the particular aircraft,

Rationale:
Arbitrary cycling does not realistically reflect

requirements of the particular aircraft.

3.3.22 Stability Augmentation System Servo Actuators -
Servo actuators for stability augmentation systems,
either electro-mechanical or hydraulic, shall be

designed and tested in accordance with the specifications
covering that general type of equipment. £xXZ£py/YHAY/YHd
Life cycling shall be/IHEredsed/yd/ax/Yeddy/3/MiX ion/
CYCLER/RY /ERE /RAY IE LAY Ed /T EAMENEIEL{ /aBLI¥ AL LS/ dvd
XoadEL/ /Y ISV dY /gAY i dvid/ ddX Ing /Y X INe / ANKYY
BE/YNBAE/ EXPELY Ed/ IV /YN /ALY LAY / IKAY AY X KY 18K L

specified by the system specification to insure component

life consistent with the MIBF requirements of the aircraft.

Servicing or minor repair of the servo will be/PEruiYy¥éd

KILEY/OREANAYE /BT /XNE/B/MIYYIgH/EYLYEA/ kN £ /VEEH / ¢dnip ey ddL

allowed as specified by the system specification.

All other mechanical components of the stability augmentation
system shall be cycled with the servo actuator to prove
their integrity.
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NONSTANDARD PART DATA SHEET

Part is used in (Designation of major assembly)

Applications

Prime Contractor 4. Contract No.

Description of Part:

Prime Contractor's Drawing No. 7. FPart No.
Actual Manufacturer 9. Actual Mfgrs Part
or Dwg ivo.

10, Previously used in (Designation of mejor assembly)

11,

on Contract .

(NOTE; Attach list of all xnown previous applications.)

Camparison between nonstandard part and standard part whose
cheracteristics are nearest to those required for the applicaticn:
(include reasons for not using standard part.)

12, Test Data and Comments: (Test data sheets and comrents shall be

13. Authorized Contractor's Representative's Signature

attached as necessery.)

As the designated representative of the contractor I certify
that to the best of my knowledge the above information and data
are correct and the nonstandard part is suitable for its intended
use.

lbo Date:

FIGURE 1
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3.3.23 Lubrication = Where applicable, lubrication of the camponents
and systems shall be in accordance with MIL-L-6880. Iubrication
fittings shall be in accordance with MIL-F-3541, MS15001, and MS15002-1
and -2,

3¢3.24 Materials - The materials utilized in the components and systems
shall be entirely suitable for the service and purpose intended. When
Government specifications exist for the type material being used, the
materials shall conform to these specifications. Nonspecification
materials may be used if it is shown that they are more suitadle for

the purpose than specification materials.

3.3+24.1 Nonmagnetic Materials - Nonmegnetic materianls shall be used
for camponents for the autamatic pilot, except magnetic materials may
be used for screv fastenings, etc., vhere necessary for proper performe
ance of the component or automatic pilot system, or both.

3.3.24.2 Shielding and Bonding on Finished Surfaces - Nonconductive
oxides or other nonconductive finishes shall be removed from the actual
contact area of all surfaces required to act as a path for electric
current and from local areas to provide continuity of electrical
shielding and bonding. All mating surfeces shall be clean and shall

be carefully fitted to minimize radio frequency impedance at joints,
seans and mating surfaces. The resultant exposed areas, after
assembly at such joints or spots, shall be kept to a minimum.

3.3425 Cleaning - The AFCS shall be thoroughly cleaned of loose,
spattered or excess solder, metal chips or other foreign material
after assembly. Burrs and sharp edges as well as resin flash which
might crumble shall be removed.
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3.3.26 Failure Analysis - All components and mechanisms
in the flight control system shall be designed to present
é minimum of ponssibilities for jamming due to foreign
objects, such as on bell-cranks where an open area exists
between the attaching member and the bellcrank in which
foreign objects can lodge; linkages floating

under negative 'g'; hard-over signals caused by a
mechanical or electrical failure; etc. Failure ArAdYy4€4g

modes, effects, and critically analysis (FMECA)

shall be conducted on all systems to determine the
end effects if any given component fails., A fault

tree analysis should be utilized to determine these

effects,
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3.3.27 Control Devices and Attechments - Control devices end attaching
means shall be structurally designed in eccordance with MIL-A-£861,

The rigidity of the surfaces and attachments shall be adeguate to
eliminate flutter or other undesired effects. If the surfaces are

not balanced %4c prevent flutter in the event the surface actuator
becores disconnected, 2xtra precautions, such a2s duel actueting rods,
shall be taken to insure thet the surface will nct beccme disconnected
from the actuators. Eearings, hinges, rod ends, etc., used in
attachments shall be in accordance with the requirements of 3.3.2.

3.3.28 Pressurized or Sealed Equipment - Whenever pressurization or
hermetic sealing is utilized ¢o meet the requirements of this siecifica-
tion, and th: design is such that the case must be opened for maintaine-
ence, the following provisions shall be met,

3.3.28.1 Case - The case shall be of & type that will permit opeaing
and clearing for access to the equipment for repair and mainternance.
The operation end performance of the equipment shell be unaffected
by replacement and resealing in the case. The case shall be capable
of withstanding any etmospheric pressure end temperature change
developed under the required external operating conditions.

3¢3.28.2 When possible and advantageous, external means shall be
provided for otserving performance or operationally checking the
equipment without removel from the cese,

3.3.28.3 'Whenever the filling medium is a ges, it shall be noncom-
bustible, of at least 98 percent purity, free of dust particles, and
containing not more than 0,006 mg of water per litre. The filling
medium shall be 100 percent helium, or a mixture of 88 to 92 percent
nitrogen with the remeinder helium. Whenever practicable, 100
perce~t helium sheall be used. The absclute pressure of the filling
medium shall bte between one half and one atmosphere.

3.3.28.4 A filling tube of a malleable type metal shall be provided
which cen be formed into a recess in the case so as to be flush with
the surfece.

3.3.29 Control Panels - Unless otherwise defined in the detail
system or component specification, engeging, transfer, selector
and meneuvering switches.and controls not designed for installation
on the aircraft's control column, nor to fulfill other speciel
installation requirements, shall be designed to comply with the
applicable requirements of MIL-C-678l.

3¢3+29.1 Dial Markings - The style and proportion of numerals and

letters used on dials shall conform to MS33558. Such markings shall
be visible from any point within the frustrum of a cone, the side of
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which makes an angle of 30° with the perpendicular to the dial end
the small diameter of which is the dial aperture. Farallax shall
be kept to an acceptable limit.

3¢3:.29.2 Fluorescent-Luminescent Material - All mekings requiring
fluorescent-luminescent materials shall conform to MIL-L-25142,
type I or III as applicable.

343¢30 Identification of Product - Equipment components, assemblies
and parts of flight control systems shall be identified in accordance
vith MIL=-STD=130,

3¢3.31 Interchangeabdility - Like assemblies, subassemblies, and
replaceable paerts shall meet the requirements of MIL-1-8500 regardless
of menufacturer or supplier. Items which are not functionally
interchangeable shall not be physically interchangeable unless
specifically approved by the procuring activity.

5¢2432 Moisture Pockets - Pockets, well, traps and the like into
which water, condensed moisture or other liquids can drain or collect
shall be eliminated, or properly drained.

3¢3¢33 Cooling - The design and location of each ccmponent shall be
consistent with the maximum permissible operating temperature expected
under all conditicns of service es defined by the requirements of

this and other applicable specifications,

3+3.33.1 Camponents Located in High Ambient Temperatures = Components
vhich, when installed in aircreft, can reesonably be expected to be
subjected to high ambient temperatures during ground or flight opera-
tion of the aircraft, shall bte so designed that such temperatures
shall result in no damage or impairment of performance of the
component. Forced cooling, air blast cooling, or other similar
cooling aids shall not be considered in the design without prior
approvel of the procuring ectivity. Such approval shall be predicated
upon the feesibility of & considerable size and weight reduction

end assurance that adequate cooling provisions shall be provided at
the anticipated aircreft instellation location.

3¢3¢33.2 Heat Dissipation - Components, which under operation,

dissipate heat shall te opersble over the temperature range encountered
in service., The following design techniques shall te employed, in

:rder of preference as listed, to maintain heat rise within operable
imits:

a., Use of thermal characteristics of finishes, induced draft

and ventilation by means of baffles, internal vents and louvers end
packaging in heat dissipating fluids.
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b. Alr vents with adequate protection against climatic end
environmental service conditions to &ll exposed parts.

¢. Forces cooling, if above meens are still insufficient, or
if a significant reduction in overall size or weight can be realized.
Fans or blowers employed shall operate from the aircraft's a-¢

power supply.

d. If heat dissipation requirements are such that the use of
heat exchangers, liquid, air tlest or eveporative ccolants must be
resorted to, or must be prcvided in the aircreft iustallation, prior
approval of the procuring activity shall be required. Such approval
shall be predicated upon availability of required provisions et the
anticipated eircraft installation location.

3.3¢34 Orientation - Norme! installation position or range of
positions shall be as specified in the equipment specification.
However, partial or complete inversion of the equipment, as encountered
during flight, with the equipment either nonoperative, in standby
ocperation, or in full operation shell result in no permaneant detrimental
effect on the equipment's performance.

3¢3+35 Cases and Racks - In the design of AFCS components, minimum
size, shape, weight and number of ccmponents, end integration with
other system coamponents where possible, shall be the governing
factors. Electronic and electrical components, where feesible,
shall be designed for installation in eircraft in accordance with
the requirements of the electronic equipment rack system, unless
otherwise defined in the equipment specification. The electronic
equipment rack system requirements are defined in MIL-C-172,

3.3.36 Stendardization - When possible, contractor designed equip-
ment which has been epproved for use in some models of aircraft shall
also be used in later moc>l airplenes if the installation end require-
ments are similar. This procedure will reduce supply prcblems, test
and qualification expenses, and provide tried and proven equipment ,

SWoLLA /vy A6Ysl EAY LaeL
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2.3.37 Reliability - The design of equipment and

components shall meet as a mirnimum the numerical

reliability and confidence level specified in the

contract, This specification shall completely define

the reliability in terms of a conditional probability,

at a given confidence level, for the equipment to

perform its intended functions, with specified success

and failure criteria, within specified performance

limits, at a given age, for a specified length of

time when used in the manner and for the purpose

intended while operating under a specified application

and operation environment, or while under specified

stress conditions, MIL-STD-78l Reliability definitions

shall apply.

Rationale:
A requirement is needed for complete déefinition
of reliability heretofore usually missing from
systems and equipment specifications. Reference
should be made to.the contract as the source
for qualitative and quantitative reliability
and confidence requirements; to be complete
reliability must be defined in terms of:

(L) Conditional probability

(2) Confidence level
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Intended functions

Success and failure criteria

Perforiwance limits

Age of eqﬁipment (at specific number of hours
or cycles)

Life and manner of use

Stress application factors

External stress or environmental operation

factors

3.3.37.1 Reliability program.- The contractor shall

prepare and conduct a relizbility program using

MIL-STD-785 or comparable specification as a guide.

The contractor's reliability program shall be presented

in preliminary form with the proposal and in final form

30 days after receipt of contract or purchase order.

Rationale:

The management system used to create the hardware
is just as important as attention to the hard-
ware system itself in obtaining reliability goals
throughout the equipment life cycle. The
disciplines for both systems should be carefully

planned and integrated.
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3.3,37.2 Reliability Analysis - All life, safety, and

function requirements related design characterisitics

of the system, and components covered by this specifi-

cation shall be subject to reliability analysis.

Reiiability requirements shall be established at

each level of design and certified to a designated

confidence level under specified environmental

conditions.

Rationale:

Reliability analysis is at the heart of reliability
engineering. Reliability requirements stem from
design objectives for life, safety, and function,
thus all should be traced, identified, and

analyzed at each level of the system down to

piece parts.

3.3.37.2,1 Systems Reliability Analysis - System

reliability analysis shall be based on:

(L) System design objectives for life, safety

and function

(2) Functional configuration and boundaries

of the system desired

(3) Anticipated use conditions

(4) Mission profiles
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(5) Duty cycles

Consideration as defined in the system procurement

specification shall be made for optimization along

with maintainability, availability, survivability,

and vulnerability. Inherent in the procedure will

be the establishment at each design level of failure

and success criteria and preparation of failure modes,

effects, and criticality analysis. These shall be

used in the development of systems block diagrams

and mathematical models which shall be supplied to

the designer at all system levels to permit an

optimized design for overall system effectiveness.

Rationale:

The basis for reliability systems analysis should
be identified and, the requirements for the scope
of analysis established in order to get a

thorough jcb.

3.3.37,2.2 Mechanical Component Reliability Analysis -

Unless otherwise specified in the system procurement

specification, the contractor shall estimate the

reliability of mechanical components used in the system

based upon the following information supplied by the

component manufacturer,
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(a) The failure governing statistical strength

(allowable stress) distribution of critical and major

component strength characteristics presented over

the entire life of the component for each configuration

described herein.

(L) These distributions shall be measured under

each form of loading likely to be encountered in service.

Considered shall be constant .yclic, wide-band and

narrow-band random loading, .- combinations as

applicable.

(2) These distributions shall be presented for

the entire life of the component and shall include the

early life, useful life, and wearout periods as

appropriate, Distributional S-N and Goodman diagrams

snall be prepared where applicable,

(3) As a minimum, the distributions shall be

measured at the beginning of early life, at the

beginning, midpoint, and end of the useful life,

and at the midpoint of the wearout life periods.

(4) At each distribution measurement point,

the best distribution shall be matched to the

strength data and the best estimate for the location,

scale, and shape parameters presented.
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(5) Goodness of fit of the selected distribution

to the data shall in each case be indicated at the 5

percent significance level.

(a) A set of strength distribution data shall

be presented for each operational environment indicated

in each system design specification. Consideration

shall include, but not be limited to, corrosive or

abnormal temperature environment.

(b) The component manufacturer shall specify

success and failure criteria for the components of

this specification., Failure modes and mechanisms shall

be described for each class service based upon test

experience,

The system designer shall obtain similar information as

above for the failure governing stress distribution to

result from product application., The algebra of normal

or other functions shall be applied to obtain the

numberical reliability estimate.

Rationale:

Reliability should be designed directly into
components. For mechanical elements, the failure
governing strength and stress distribution methods
are the most direct and scientific approach and

cuts down the number of design-build-test interation
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loops, and the costs associated. The method is
also identified as 'probabilistic design' or

. "design by reliability".
To know the expected reliability throughout the
equipment life cycle, we must measure reliability
at each of the three stages of life. These stages,
early life, useful life, and wearout can be
modeled mathematically. in systems this is
important because we need to know how long to
burn in or debugg, how long we can go during
useful life before maintenance, how to select an
optimum maintenance policy, and when to retire
the system,
By establishing the strength distributions, or
better yet, the response surface, we know how to
load the system at each stage of life to minimize

probability of failure,

3,3.38 Maintainability - The design of equipment and

components shall provide for all maintenance to be

accomplished with a minimum of technical skills,

Interchangeability and coordination design characteristics

of the components shall be standardized to enhance

maintainability.
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Rationale:

In order to improve equipment availability,

the maintenance time, skill levels, amount

of support equipment, and associated costs

must all be reduced. If those features of

designs which relate to part interchangeability
and coordination of interface characterisitics
between subsystems and systems are standardized,
the amount of maintenance training, the chance

for error, and the maintenance time should be
reduced.

By attention to maintenance methods and associated
features in design, the skill levels required
should be reduced along with the other maintenance
faults above. Maintainability is a valuable
feature in maintained designs, and specific

requirements must be established so as to make

availability a realizable goal.

3.3.38,1 Orgenizational Level Maintainability - The

characterisitics of the equipment shall be such that

in 95 percent of the cases of failure it will be

possible to perform all corrective organization level

maintenance actions, other than combat damage repair,
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within a period not exceeding (See System Design Spec.)

minutes. This corrective action time shall include all

elements except system access time, As here applied,

an organizational corrective maintenance action

includes the following:

(1) Verification of a fault

(2) Location of the fault to a system replaceable

assembly

(3) Correction or repair

(4) Adjustment or alignment (when required)

(5) Check out of the repair

Rationale:
In an operating group, such as an aircraft
squadron, this is the work that must be performed

by the ground crew within the operation schedule.

field failures. It is usually important to perform
this action in (See Design Specification) minutes
or less in order not to incur operation delays.
This requires advance design and planning to make

such response possible.

3.3.38.2 Maintainability Program - The contractor

shall prepare and conduct a maintainability program
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using MIL-STD-470 or comparable specifications as a

guide, The cuntractor's maintainability program

plan shall be presented in preliminary form with

the proposal and in final form 30 days after receipt

of contract or purchase order.

Rationale:

As with reliability or quality control, the
management system is just as important as the
hardware system in accomplishment of maintain-
ability goals. The two systems should be
compatible and integrated. The management
system should be planned and executed in

accordance with MIL-STD-470.

3.3.38,3 Maintenance Analysis - A maintenance engineering

analysis shall be performed in accordance with MIL-STD-1388

concurrent with detailed design. It shall provide for:

(1) Optimization of failed equipment accessibility

with regard to equipment failure rates.

(2) An engineering data package covering all

scheduled and unscheduled maintenance functions,

tasks, and support requirements for the equipment.

(3) A systematic check on equipment design for

maintainability prior to design freeze.
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(4) Criterie for the design of support and

training equipment,

Rationale:

The heart of maintainability engineering is
maintenance analysis. Maintainability is a
function of equipment reliability. The expected
failure modes, effects, and criticality and
failure rates are important in establishing what,
where, when, and how much maintenance must be
performed. The how is a time and motion and

methods problem.

3.3.38,4 Maintainability Prediction - The contractor

shall perform analytical time studies of maintenance

tasks in a manner representative of system or equip-

ment characteristics in actual operation, and in

accordance with MIL-HDBK-472, For the prediction

at Organizational Level, Procedure I of MIL-HDBK-472

shall be adapted to fit the particular design. For

the prediction at Intermediate Level, Procedure IV

shall be adapted to fit the particular design. The

maintainability prediction shall include the effects

of a malfunction of the built-in-test (BIT) features.

The prediction shall include only direct maintenance
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time. All periodic preventive maintenance times

(including calibrate/adjust times) shall be included.

Rationale':

Maintainability analysis and optimiration is also
based on mathematical modeling and prediction
techniques. In order to be effective, reliable
maintenance data is required. Quantative

maintainability goals and requirements must be

established at each system level.

3,3,38,4,1 Equipment Mounting - In preparation for

the tasks of the maintainability prediction, the

contractor shall prepare a description of installation

and removal procedures including:
(1) The equipment mount, including fasteners,

(2) Functional and test connectors at the system

replaceable assembly level and at all lower levels.

(3) Any other aspects of the equipment installation,

such as cooling lines or ducts, which will influence

maintainability,

Rationale:

This is an essential feature in design for maintenance.
Special requirements are necessary to establish
details of installation and removal design and

procedure to make maintenance analysis and

prediction possible.
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3.3.38.4,2 Test Equipment Assumptions - In estimating

the time to perform maintenance tasks, the contractor

shall assume that at organization level fault

recognition and fault lo.ation is normmally performed

without the use of ground support equipment.

Accordingly, the time to test, fault locate, repair,

and check out shall be used in these estimates.

Data shall also be included for the time it will

take to test the system or equipment and locate

faults to an individual system replaceable assembly

when the BIT 1s inoperative., At the intermediate

level, maintenance tasks shall include verification,

location, repair, and checkout based on the use of

the designated or planned operational test equipment,

Rationale:

Designs for complex systems, which must be
repaired in a hurry by air crews organizational
maintenance in combat situations require built-
in-test equipment. This is becoming standard
practice in the solution of this kind of
maintenance problem and is made possible by
miniturization, Since it is expected BIT will
be used in future Flight Control Systems,
maintenance analysis and prediction should

consider BIT as an internal part of FCS,

240



MIL-F-9490C(USAF)

3.3,38.4.3 Maintainability Data - To enable the

contractor to estimate the maintainability of the

system to which the components of this specification

become a part, the following information shall be

provided by the supplier on applicable components:

(a) The maintenance time distribution, with

respective parameters, where applicable. Specify

the number of men, skill levels and the standard

and special tools required.

(b) If component is not maintainable, specify

special features enhancing replacement, and replace-

ment time distribution with parameters and values

therefor.

Rationale:

Component manufactureres must measure and
statistically analyze the maintenance time
for their own components and provide this
data to the customer to permit reliable

systems analysis.

3.3.38.5 Standarization - Non-standard parts shall

require approval by the procuring activity.
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Rationale:
This concept reduces the number of parts and
support equipment in the logistic system and

gsimplifies procedures and training.

3.3.39 Workmanship. Characterisitics and standards

shall be established by the manufacturer in his

Quality Planning, Skill levels and other human factors

shall be measured in the product on a MIL-STD-41l4

sampling basis as applicable and justified, and in

the workman and inspector on a periodic certification

basis subject to acceptance by the procuring
activity.

Rationale:

Objective requirements for workmanship are
needed, if quality of conformance is to be
measured and controlled, Workmanship is
normally interpéeted as those product character-
istics which are imparted by the workman for the
most part and are dependent upon human factors
such as trained senses, particularly manual
ekills and visual judgment. Quantitative and
visual standards must be developed for these

factors and both the workman and inspector trained

to work within established acceptable limits.
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4, QUALITY ASSURANCE PROVISIONS

L.l TESY/Reduirengridd///KBBYoprined/ Ly ivid{/d4

U X I/ REreiv {/ dNAYY /e / E Bddey éd /Y Y dULUBUY /¥ £
AEYEYSPrERY /dvid /B SDALY 1N/ BT /T LEZAY /2 dAY Y BY /By B érl £/
IR/ SYAgr /Y d/ INbaxY e/ B dver/ddSign /dvid/Bérdruldvide

Avd /AY g /¢ SUY I IAE / AMRY LY f / X UXSULA SUY / BY S ALY Y oL
TUE/ SBELLRid /Y B/ YUY ed/ BUAYY /BE/ SpeeiE L éd /N
YUE/AEYALYEd/ABEC 1T iddY IdVA /T dY /XL /¢ ol pordriL 4

BAA/ Ay AL el /18 /¥ Ve /Y EdY B/ X EAULXEA B/ YN/ AEY ALY €A
APELiTI¢AY Igvd/dr e/ INAAEURY £/ Y S/ BBV E/LHRAY /¥ Yk
glféﬁf/¢¢ﬁi#¢1/5###¢¢/ﬁﬁd/fliéﬂt/¢¢ﬁf#dl/éféfid
INSYAYYAY igV/INEEY BOYAYE/YVE/ APRE LR 1Ed /Y e i Y i riY B4
YRE/Eonr YAy Y/ ML)/ BY Spd A€/ dridridlgvY 4/ ¥ 8 /¥ g
EONYYRLY /Y B/ IALIMAR /X EAY B/ HARLER/HLXY /BB LA B/ AL UAY £
BYSEE L/ /18 /ApBYIZRBYE/ YAV B/ RYE/AYRI YRV EL /¥ Yk

EORXY ALY BY/ ANAXY (/TN /XEEU/BE / Y EBERAY VL /L EBY 8 /B Y BBB A&
AAEAAAEHY B/ Y8/ YNE/ BRLX ALY /Y B/ Y EAMTY €/ Y WE/ MR L X ¥ R
of/YHELE/ ALY R/ EMBBY gy dd /By / SATE L1 €N/ IVR XAy 1dr
Y8/ AMBAYARY Iy d/YNELY /ABBLIZAVINIY ¥ L

4,1 Quality Assurance Planning - Quality assurance

provisions shall be prepared in accordance with

WR-43A and incorporated in drawings, specifications

and other design disclosure documents. Product
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characterisitics shall be directly traceable to design

objectives and positiveiy identified and classified

in design specifications. Objectives shall be classified

into the categories of coordination, life, interchange-

ability, function, and safety (CLIFS), and numbered:

i,e., C-1, C-2, L-1, etc. Product characterisitics in

components shall be traced to each design objective

and classified critical, major or minor accordingly

and identified C-10x/S-x, M-20x/C-x, M-30l1/L-x, etc.,

as appronriate, showing source of classification.

Critical characterisitcs shall be traceable to safety

and functional mission abort (Reliability) objectives

and to failure modes effects and criticality analysis

(FMECA) when performed. Major characterisitcs shall

be traceable to coordination and interchangeability

(Maintainability) design objectives, and other

functional and life objectives., Minor characterisitics

need not be traceable to establish CLIFS design

objectives and will generally encompass defects and

workmanship characterisitics which may accumulate to

cause problems at various levels of criticality.

Where minor characteristics are traceable to CLIFS

they shall be so identified. Quality assurance

provisions shall form part of the design disclosure
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package and be approved by the Government reliability

and quality assurance representative before system

production procurement is initiated.

Rationale:

Product quality control to obtain the level
intended by the requirements for quality of
design in 3.0 can only be obtained effectively
if a system and discipline a&re carried out

in detail which assures each design objective

is properly translated to its product character-
istics at each level of the design. The quality
control system, for product reliability and
maintainability, should be dependent upon a
precise classification of essential product
characteristics. Essential characteristics

are interpreted to mean, those product
parameters, which if out of certain established
limits, will cause failures in meeting design
objectives.

Reliability and maintainability of the product,
which is designed in, is dependent upon quality
control to keep it in during manufacturing,

and during the life cycle before and after

maintenance actions.
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A logical planning process should start with
precise design objectives, classified by some
process such as the well established CLIFS System.
CLIFS are objectives broken down intd the
categories of coordination, life, interchange-
ability, function and safety. Coordination and
interchangeability objectives, if properly pursued
in the design, result in Maintainability., Life,
function, and safety objectives result in the
level of Reliability., Classified design
objectives may be directly translated into product
characteristics. These product characteristics
may be classified critical, major, or minor in
accordance with MIL-STD-105 or MIL-STD-4l4, if
they are traced back to the design objective.
WR-43 describes the process, but is not explicit
on the business of traceability and leans on
definitions for critical majors and minors too
heavily, The old OSTD-78 was more explicit on

the process.

Once characterisgtics are properly classified
levels of quality control can be applied which
are meaningful, Systematic coverage is also

assured.
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4,2 Responsibility for Inspection and Test - Unless

otherwise specified in the contract or purchase order,

the supplier is responsible for the performance of

all inspection requirements as specified herein, Except

as otherwise specified, the supplier may utilize his

own facilities or any other commercial laboratory

acceptable to tue Government, The Government reserves

the right to perform any of the inspections set forth

in the specification where such inspections are deemed

necessary to assure supplies and services conform to

prescribed requirements.

4,3 Classification of Inspection and Test - The

examination and testing of flight control systems

shall be classified as follows:

(a) Quality of Design (&4.4)

(1) Development (4.4,1)

(2) OQualification (4.4.2)

(b) ouality of Conformance (4.5)

(1) First Article (4.5.1)

(2) Production Acceptance (4.5.2)

L,4 Quality of Design - Appropriate product examination

and testing, as outlined here, shall be conducted

throughout development of flight control system and
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its installation to assure a fully qualified system,

meeting all the design objectives for coordination,

life, interchangeability, safety, and function at the

culmination of the design process. The specific tests

required are classified as developmental and qualifi-

cation. If the tests required by the system specifi-

cations are inadequate to prove that the flight control

system installation incorporate the specified require-

ments, the contractor shall propose amendments to the

contract to include tests which will provide adequate

proof, If applicable test data are available, the

contractor shall, in lieu of repeating tests, propose

amendments to the contract to require the submittal

of these data, supplemented by sufficient infommation

to substantiate their applicability.
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EorrALned/ TN/t RE/ L ERY /YEBBYY AL/ /WHER/ LY €/ BY BEvY ivig
AEYIAILY/ LR EREAYRY IV E/ TR/ ABYITTEd / N/ ENALY /BE
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Rationale:

Covered under 4.4,2 and 4.4.2.1.4

4,4.1
B7Y7Z Developmental Tests - Developmental tests are

those tests accomplished on a sample, or samples, to
determine compliance with the requirements of an
investigation, study, research, development or test
contract or purchase order and specifications, exhibits,
or other requirements applicable thereto. For 1ype
II, Type IIl1, and automatic flight control systems, a
functional mockup or simulator shall be constructed
and appropriate tests shall be conducted to insure
that the operational and dynamic characteristics

of the systems and components meet the requirements
which have been established and are satisfactory

in their performance characteristics.
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4, 4.1.1

lAn24iY Functional Mockup and Simulator Testing ~ The functionel
mockup or simulator of the flight control system shall be constructed
using actual production components and electronic computing equipment
to determine system performence. Fending availability of production
components, prototype components or suitable laboratory models may be
used. 4 sufficient quentity of test data shall be collected to give
reasonable assurance that the systems are suitable for tus purpose
intended. When the system is to include en AFCS, the ccmplete
physical characteristics of the primary control system, such es
response time, inertie, damping, system stretch, rates, opereting
forces, etc., must be determined to permit AFCS design. Preliminery
testing of components or subassemblies mey be required to assure
easonable success of the entire system design.
4.0,1.1.1
UN2LY// Type 1I and Type III Systems = For Type II uand Type III
systems, tests shall be conducted to check out the operation and
stability of the system under simulated flight conditions.

L.u4,1.1.2
ANV.LAY/? Automatic Flight Control Systems - Tests shall be made
with ejuipment mounted on a simulator end with geins adjusted as
recomnended by the manufacturer. The simulator shall include ell
relevant control rigsing, hinge moments, artificial feel devices,
and tilt tables, if required. In eddition, it shall iaclude a

compuler to sinulate eircraft response, selectable for all conditions
of flight.
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L,4,2 Qualification - Each manufacturer desiring

to furnish flight control systems which satisfy

this specification shall subject his product to

a qualification test., Qualification shall consist

of all the inspections and tests specified in 4,1

and the Systems Design Specification. Product

shall be representative of the production process,:

Each part number system for which qualification is

desired, must pass the qualification test. A

successful supplier product will remain on the

qualified products list (QPL) until objective

evidence to the contrary is present to warrant

removal.,

Tests shall be conducted at a laboratory designated

by the procuring activity or, when so stated in the

contract, at the contractor's plant under the

supervision of the procuring activity.

Rationale:

Rigorous rules for product qualification should
include inspection and testing so as to satistically
confirm the accomplishment of objectively stated

and identified design objectives.

These rules and requirements should include a

standard qualification control procedure applied
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to each configuration and manufacturer which
results in complete product disclosure,
including reliability and maintainability of
design. A qualified product implies a process
associated also qualified. If the process or
the product design changes in any of its

major or critical characterisitcs, the product

should be requalified.

ULYLB//RYEBYSIMEY TG/ TEEY A/ £/ THE/ BYEBLSDUEY A OH /Y E£Y B
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4,4,2,1 OQualification Sampling

4.4,2,1,1 System Level - At least three systems

shall be made available to accomplish systems

qualification in accordance with the approved planning

prepared for 4.1. OQualification for reliability and

maintainability shall be in accordance with MIL-STD-78l

and MIL-STD-471 respectively, unless otherwise noted

in the detailed specification, and should be

initiated during the development test phase to
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achieve the reliability growth and confidence level

reguired.

4.4,2,1,2 Component Level - Sample sizes of at least

30 shall be used to determine values of statistical

parameters for failure governing strength distributions

for standard parts., Where other than strength

characteristics or custom designed parts are being

qualified smaller sample sizes may be used. Samples

shall consist of specimens of the same configuration

and part number representative of the same

manufacturing process.

Rationale:

When qualification is required for reliability
related design objectives, it is important

that design disclosure give a complete description
of how the product fails under the loading types
and for the design life for which the product

is to function. Disclosure should include

failure modes, mechanisms, and failure

governing strength distributions.

To verify any statistical distribution and

obtain reliable values of its statistical

parameters, experience shows that at least 30
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specimens are required. The goodness of fit test
will not work decisively at the 5 percent significance
level until this number of specimens or sample
readings is reached.

Reliability with confidence is a statistical
phenomena and dependent upon adequate product
data., In the case of mechanical components,

with structural design involved, it is necessary
to have good failure governing strength
distributions so reliability may be computed with
confidence when failure governing stress distribu-
tions later become available through mission

and system definition. Component application
defines external and internal stresses to be
applied. Until application is completely defined,
it is meaningless to calculate reliability.

The best we can do for a standardized component
which has not yet met its actual environment

is to define its failure governing strength

distribution.

4.4.2,1,3 Data To Accompany Qualification Test

Samples - Drawings, specifications, and first article

ingpection and test records shall be submitted with
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the qualification test samples providing for complete

design disclosure. Measurement for all classified

characteristics shall be in accordance with the

required planning for 4.1. Drawings shall show

complete external dimensions, tolerances, construction,

material, hardness, and configuration status.

Classification shall be identified on the drawings, in

specifications, and in pre-qualification test procedures

and records.

4,4,2,1,4 Test Witnesses - Before conducting a required

*est, an authorized procurement activity representative

shall be notified so that he or his representative may

witrieus the test and certify results and observations

contained in the test reports. When the procuring

activity representative is notified, he shall be

informed if the test is such that interpretation of

the behavior of the test article is likely to require

engineering knowledge and experience, in which case

he will provide a qualified engineer who will witness

the test and certify the results and observations

during the test.

4L,4,2.1.,5 OQualification Test Reports - Qualification

test results for qualified products shall be made
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public record in a form, usable in design for reliability

in product application, and for precise definition of

qualification level attained. Failure governing

strength and stress data shall be presented in statistical

distribution format with values for applicable

statistical parameters.

Whether or not the tests are conducted by the procuring

activity, the testing activity shall prepare test

reposis in sufficient detail to assure complete product

disclosure. The configuration, method of testing,

iocluding all statistical techniques and considerations,

product conformance, and compliance with this specifi-

cation and the detail specification shall be thoroughly

defined. Test reports shall be prepared in accordance

with MIL-STD-831 and MIL-STD-1304.
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4.,4,3 Preproduction and cnalification tests
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HXoJo7 Reliability Test - A reliability test shall be conducted in
accordance with MIL-R=-26667 unless otherwise noted in the deteiled
specification. System reliability requirements should be verified to
the extent possible by the tests performed in 4.1.2, augmented by the
results of the camponent or subsystem reliability tests and flight
tests.,

béil?@é Service Condition Tests - Service condition tests shall
con3ist of at least the following series of tests to determine
suitability and performaence under the various conditions which may

be encountered in service usage. The service condition tests may

be allocated among the three test systams or compcnents, A suggested
order of tests is as follows:

System or Camponent System or Ccmpcnent System or Compcnent
No. 1 No. 2 No. 3
a. Individual tests a, Individual tests a. Individual tests
b. Power supply b. High temperature be Acceleration
stability
¢. Dielectric strength ¢c. Low temperature ¢« Shock
d. Radio Interference d. Altitude d. Explosion proof
e, Vibration e. Composite e, Humidity
altitude-
temperature
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No. 1 Con't No. 2 Con't No. 3 Con't
f+ Structural f. Composite rain-ice f. Fungus resist-
ance
g€+ Sgnd and dust ge Salt spray

h. Miscellaneous

breakdown of tests where additional or e different quantity of systeme or
camponents is allccated for preproduction test shall be as specified in
the contract or detail specification.

L,4,3:.3
/ﬁﬁileﬁ/ Contractor Testing - With the consent or request of the
contractor, and at the discretion of the procuring activity, any
service condition tests conducted by the contractor and witnessed

by an authorized procurement activity representative prior to
submission for preproduction aprroval may be acceptable as prepro=-
duction tests,

GL.ob,3.4
A/Xd3 /5 Perforrance Tolerances - In conducting service condition
tests, performence tolerances shall be as specified in.the system or
component specification.

L.,b,3.3

/X434 Test Conditions - Apprcpriate environmental tests shsll be
conducted on all campon=nts which are subject to deterioration or
malfunction due to any environmental condition. Where possible,

and applicable, the environmental testing shall te in accordance with
the requirements of MIL-STD=-810, Modification to the MIL-STD=-810 tcst
procedures should be sutmitted for aprroval by the procuring activity
prior to ac .sl usage.

b,4,3.5.1

W74/ Power Supply Variation = Each component shall te tested
individually, or assembled, or both, into a system in a manner as
specified in the component or systexr specification. Rated electrical,
hydraulic and other required power sources, shall be applied and all
calibration settings placed at maximum rated positions. After
completion of the warmup period, the power sources shall be varied and
modulated, throughout their specified limits. The performence of the
canponents shall be observed in the menner defined in the component

or system specification., No steady state or transient moduletion
chenses in the power source, within permissible limits, shall cause a
variation or modulation in the systems performance which mey result

in undesirable or unsatisfactory operation. With rated power epplied,
the cystem's switches, controls and components shall be operated as

in actuel service., Observation cf the rated power source shall note
no veriation or modulation of the power source bteyond permissible
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operational limits when the system is operated against load conditions
varying from no load to full load conditions,.
4.4,3,5,2
KLY Y642/ Dielectric Strength - Each circuit of electrical end
electronic components shall be subjected to a test equivalent to the
application of a root mean square test voltage of three times the
maximum (but not less then 500V) surge dc, or maximum surge peak ac,
voltage to which the circuit will be subjected under service conditions.
The test voltage shell bte of commercial frequency and shall be apglied
between ungrounded terminals and grouhd, and between terminals
insulated from each other, for a pericd ¢f 1 minute. Tests shall be
accomplished at normal ground barometric pressure. No brea:down in
insulation or air gap shall occur. Circuits containing cepecitors or
other similer electronic perts which may be subject to damage by
application of the above voltages sheall be subjectec to twice the
surge peak (but no less than 100V) operating voltege for the srecified
period. If the maximum peak operating voltage is greater than 700 V,
the rms value of the test voltage shall be 1050 V greater than 1.5
times the meximum peek orerating voltege., Electrical and electronic
components shall alsc be tested for resistance to eir gap breakdown
ﬁtgqu ?aﬁgmum altitude specified in the altitude test,

R PERED
é(&@éﬁé‘?”’ﬁadio Interference Limits - The AFCS end components, or
both, shall te assembled and arrengec in a manner as specified in the
system or coamponent specification with interconneeting cables and
supporting brackets representative of amn actual instelletion,
Provisions shall also be made for inverting all components with resgpect
to the ground plane, or positioning in such a manner as to permit
measurements from the bottom of all components. Measurezent of
radiated and conducted interference limits shall be made in acccrdance
with MIL-I-26600 end ML=E-6051 with the system switches, ccntrols,
and components operated as in actual service. NMeasured values shall
noz exceed the limits specified in [IL-I1-2€600 and MIL-E-6051,

e e Jde e
Kliﬁééélk’ Send end Dust = Each component, with simulated externel
connections attached, shall bte subjected to a sund and dust test in
accordance with MIL-STD-810, method 510. The component shall be
subjected to individual tests before &and after expcsure. Any dust
film or dust penetration shall not result in a deterioration of the
performance of the component.
4L,4,3,5.5
UVBLB/Y Structural Tests - In acdition to the ncrmal static
structural tests, tests are required to incsure that the reguirements
of 3.2.1 and 3.2.3 ere met and that structursl defcrmetions of the
control system do not impeir the controllebility of the aircraft.
The control system dynamic characteristics under &ll possible
combinations of loads should he determined.

259



m R 3 MIL-F-9490C(USAF)
+ob,35.5.0
WAL £ Fungus - Equipment which has parts of organic material, or
other materials which may grow fungus, shall be subjected to a fungus
resistance test, method 508, of MIL-STD-810, The component shall be
subjected to individual tests before and after exposure, Any fungus
present shall not result in a deterioration of the performance or
service life of the component,
h,4,3,5.7

UNELH Extreme Temperature Tests - High and low temperature tests

and temperature shock tests shall be conducted on all components
subject to binding or malfunction resulting from:

a. Differential contraction of mating parts,

b, Deterioration of lubricant,

c. Deterioration of hydraulic fluid.

d. Deterioration of any type seal device,

¢, Deterioration of electrical parts,

f. Altered hydraulic or electrical characteristics,
g. Change in performance functions.

h. Inability to meet duty cycle.

These tests shall be performed in accordance with high 4¢emperature
tests, method 501; low-temperature tests, method 502 ; and temperature
shock tests, method 503, respectively, of MIL-STD=810, Prior to
low=-temperature tests, a 72-hour soak at -54 degrees C (-65 degrees F)
shall be required. The high-temperature range shall be specified

by the detail specification. The component shall be subjected to

tests and a visual examination there shall be no evidence of damage

or deterioration which will prevent the component from meeting its
operational requirements.

4b,4,3,5.8

KNAE/Y  Humidity and Corrosion - Components subject to failure due
to corrosion, entrance of moisture, or formation of ice shall be
given humidity tests, method 507, and salt spray tests, method 509,
in accordance with MIL-STD-810, In addition, if ice formation
might be detrimental to the equipment, an icing test shall be conducted
as follows:

a, Cool test items to =12 degrees C (10. 4 degrees F) or lower.
b. Reduce ambient air pressure to simulate 40,000 feet pressure

altitude and maintain for at least 15 minutes,
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¢. Increazse ambient air pressure to ground level by introducing
warm moist air et a temperature of &t leest LG degrees C (120 decrees
F) and a relative humidity of 95 (%5) percent. Continue circulating
warm moist eir until the test item tempereture is at leest 5 degreces C
(41 degrees F). Items a, b, and ¢ constitute one cycle of testing.
Twenty-five cycles shell be performed tc determins accegtability.
Following each five cycles, the test itexn shall be functionslly
checked while at a -12 degrees C (10,4 degrees F) temperature. At
the conclusion of the 25 cycles, and following the functional cheek,
the equipment shell bte examined for evidence of internsl moisture,
corrosion, or other defects, any of which is considered es failure
to pass the test.
4.4,3,5.9
Ml’/j/.bfd Al titude - Zlectrical equipment end other flight control
system items which may be adversely affected by high-altitude
operation shall be tested in eccordance with the high-altitude test,
method 500, of MIL-STD-P10. A percentage of the life test cycles,
consistent with service requirements of the component, and not less
than 25 percent shall be conducted at the high-sltitude condition.
L,4.3.5.10
LAY /Y HAAYY Vibration, Shock, end Acceleration - All equipment
subject to failure or malfunction due to vitration, shock, or high
accelerations shell be tested in accordance with methods 514, 516,
and 513 of MIL-STD-810, Realistic values shall be specified in the
contractor's detsiled specification if different fram those
specified in MIL-STD-£10.
L.4,3,5.11
LAY /Y HLYY Explosion Proof - Electrcnic or electricel ccmponents not
hermetically scaled shell te subjected to MIL-STD-810, methcd 511,
procedure I. Additional tests in eccordance with MIL-STD-810,
method 511, procedure II, shall be required ¢f theose components which
may be instelled in areas in which explcsion mixtures normelly occur.
L,4,3,5.12
BAYSYHAXZ / Combined Temperature - Altitude Tests - Components and
systems subject to leskege, or which may experience cooling problems,
shall be subjected to the following tests:
L.,4.3,5.12.1
MXLFALZ System Operation Test - When applicabic, eech system
specification shell specify a composite temperature-altitude test
to be ccnducted on the system, or seraretely on each camponent, in
accordance with MIL-STD=810, methcd 504. The temperature-asltitude-
time schedule shell simulate &s accurately as possible the conditions
to be encountered during orerational use of the weapon system. Should
the exposure periods, temperature ranges and altitude ranges of the
temperature-al titude-time schedule equal or exceed the requirements
of either the high-tempereture, low-temperature, or altitude tests,
the respective individual environmental tests shell not be required.
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4,4,3,5,12,2
KNABANLIE Leekage Test = All components, or subassemblies of
components, which are hermetically sealed and contain a fluid other
than a ges shall be subjected to a leaxage test in accordance with
the fcllowing procedure. With rated power applied the component
shell be operated in an ambient temperature of 79.4 degrees C
(175 Qegrees F) and an ambient pressure equivelent to 55,000 feet
altitude. The pericd of exposure shell be for 2 hours, or until the
internal temperature of the component hes stabilized, whichever is
the longer time. Throughout the exposure period the ccmponent shall
bs observed for leakage. No leakege of the fluid shall occur during
the test,
L‘nuo305.l3
KAVy3E/Y3 Life Tests = Life tests shell be performed as the
longevity portion of the reliebility tests, to meet the longevity
ﬁezyﬁgegents of the detail specification.

3.3.5,13,.1

d(f&@éé(l@@i Canponent Life Testing - Components which are subject
to wear, fatigue, or other detericration due to usage, shall be life
tested under realistic environmental conditiones for a numbter of cycles
representative of the desired life expectancy of the component. In
most cases, life test requirements are defined in Government specirfica=-
tions.

4b,4,.3.5.13,2

UAY A bLYF /2 System Life Testing - The mechanical portion of the
complete flight control system, such as pulleys, cable, rods, torque
tubes, contrcl sticks or wheels, etc., should be tested as a complete
system to a number of cycles eguivelent to that required in 3.3.9.1.
It is considered that the best way to do this is in a complete system
mockup in which loads, relative distances end locations and other
characteristics are realistic. The information required by 4.l.2 can
thus be readily obtained and the structural testing required by
lele3.6.5 can also be accomplished while the life cyeling is in
progress.,

4.4.3,5,13.3

AMYLFALLF /Y AFCS Life Tests - One AFCS or component shall normelly
be selected at rendom from those delivered on the purchase order

or contract and subjected to the life test., The system shall be
assembled &nd operated for 1,000 hours in the manner descrived in

the system or camponent specificetion. Provisions shall be made for
eyclic loading of parts or components subject to such operation and
for intermittent operation of parts or components subject to such
operations Provisions shall likewiss be made to subject the system
or component to vibration as well es to elevated and reduced tempera-
tures during the course of the test. At the completion of the test
no deterioration of performance or the physical condition of the
equipment shall be evident beyond that permitted in the system or
canponent specification. The first 200 hours of testing shall be
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conducted without the necessity for routine servicing cor waintenance.
The following test condition schedule shall be adhered to:

Time Period Condition
First 400 hrs. At room ambient conditions.
Next 200 hrs. Subject system to vitration of C,001 inch

amplitude at 10 cps. Reduce ambient
temperature to -29 degrees C. (-20.2 degrees F.)

Next 100 hrs., Subject system to vibration cf 0,005 inch
amplitude at 10 cps. Increase ambient tempera-
ture to +60 degrees C (140 degrees F),

Next 200 hrs., Subject system to vibration of 0.005 inch
amplitude at 20 cps. Reduce ambient tempera-
ture to =40 degrees C (=40 degrees F). Increase
eltitude to 30,000 feet.,

Next 100 hrs. Subject system to vibration of 0.005 inch
emplitude to 20 cps. Increase embient
temperature to +71 degrees C (159.8 degrees F.)
L,4,3,5.14
YALZL6A, Miscellanecus Tests - Equipment which is located so that
it {s subjected to rain, sunshine, and sand and dust shall be tested
in accordance with sunshine tests, method 505; rein tests, method 506;
sand ené dust tests, method 510; and imnersion tests, method 512; of
MIL-STD-810, Any additional tests as deemed necessary by the contractor
should be included and defired in ths detail equipment specification.
MALS LT Higher Category of Service Application - Components to be
used under a particular category of service application, which have
previously been subjected to end accepted under the requirements of a
lower, or less severe, category of service application, either as an
individual component or es a component of the same or a different
system shall be subjected to a rerun of thoss service condition tests
Q?E:cg gfry with category of service application.
WALZ/ Instrumentation - During the conductance of dynamic performance
tests, sufficient instrumentation shall be provided to record all inrut
and output quantities fundemental to the function or tesic design
concept of the system's or component's operation. All instrumentation
used shall be accurately calibrated prior to, and at the completion of,
all tests, In addition, embient conditions, power supplied, voltage
end frequency variations shall be noted, or recorde” as the nature of
the test may warrant.
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4L.L.3.8

WALALY Special Test Equipment - Special test equijment used shall

be accurately calibrated. Calibration data or curves shall be included
in the test report, or shell accompany the test equirment when submitted
,+tca tgegprocuring ectivity for ronductance of tests,
+ o o o

/I(A/.é/l/d Test Technique - Dynemic performance of systems and components
shall be demonstrated by using transient response or frequency response
testing techniques, or both.

L.4,3,9.1
YNB4YYA Physical Cheracteristics c¢f Transients - Applied trensients
shall be step or ramp functions in displacement, rate of dlsrlacement,
or other suitable inputs.

b,4,5,9,2
UABAYYs2 Application of Transients - Where feasible, transients shall
be applied physically to inertial sensing elements by actual displace-
ment or rotation of the unit. Electrical inguts, such as camzend
inputs, as well as other types of inputs, shall be epplied in any
convenient manner, such as rotation of a signal generetor, switching,
oruusg gf 3an electronic integrator.

4{YHAd{y Variation of Transient Amplitudes and Rates - A sufficient
number of displacement trensients of different amplitudes, as well as
rate of displacement transients of different rates, shall be applied to
the system or component under test to adequately define its dynamies in
the region of threshold, linear operation, saturation, and velocity
limit,

L.4.3,9.4

BV /5 A8 Variation of Gain - For those systems or components in
which locop gains mey be varied, either autamatically or manually, the
dynamic tests shall be accomplished over a sufficient number of gain
settings to adequately define the system's or component's dynamics
throughout the obtainable range of gain veriation.
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4,5 Quality of Conformance (Production Acceptance) -

Inspection and tests for quality of conformance shall

be in accordance with classification of characteristics,

sampling plans, methods, procedures, and sequences as

defined by planning developed for 4.1, Quality of

conformance shall include first article and production

acceptance inspection and tests.

4,5.1 First Article Inspection - Small samples

representative of production shall be submitted to

the customer to be inspected 100 percent by variables

and by attributes, where necessary, for all classified

characteristics prior to release of production type

purchase orders, First article sample size shall

be specified in the planning required by 4,1,

4.5.2 Acceptance Inspection and Test - Sampling plans

and tests shall be applied in accordance with detailed

Quality Assurance Provisions developed in accordance

with 4,1, Contractor's records of all inspections and

tests providing the quantitative results .of tests

which determine compliance with requirements of this

system and related component specifications shall be

kept complete and available to the procuring activity

representative at all times. The record or report of
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inspection and tests shall be signed .r approved by

a responsible person specifically assigned by the

contractor., Acceptance or approval of material during

the course of manufacture shall in no case be construed

as a guarantee of the acceptance of the finished

article,.

4.5.2.1 Sampling Plan and Tests - Samples shall be

selected in accordance with MIL-STD-105 or MIL-STD-41l4

at the levels and AQLs for major characteristics and

minor characteristics specified in the contract.
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L,5,2,2
ALY/ Individual Tests - Eech ccmponent or system shall be exemined
to determine conformance to this specification and the system or
camponent apecification with respect tc material, werkmenship,
dimensicns and mergings, in addition to the individual tests specified
by the system or component specification in the sequence specified
therein.

A AL Flight Tests - Flight testing shall consist of those tests
required to demonstrate the functicnal suitability and consistency of
cperation, and the eccuracy of performance, of the equirment-airplane
canbinetion for the condi tion specified. Test data shall te obtserved
vasually cr by recording, as mey be required to determine ccmplience
with the requirements specified. The operation and performance
observed or recorded shall b2 equal to or tetter than the minimum
acceptable specified in the applicable performance specificetion,
Flight testing of the primary and secondery flight ccntrol systexs
shall be in accordence with the current accepted testing procecures.
Flight testing of the AFCS equimment shall be in accordance with the
following paragraphs.

4,5.3.1

W ALBA Flight Test Conditions - Flight test operation &nd performance
demcnstrations shall consist of a schedule program complying with tha
roquirements applying to one or more of the following conditions, as

may be applicable:
a. Developmental
b. Preproduction

ce Safety
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d. Installation
e, Production

When so wvarranted by a specific test configuration, flight test cpera-
tion and performence demonstrations shell also include any other
requirements ccnsidered essential by the procuring activity, in
addition to those specified herein and in the system or component
specification, to demonstrate acceptebility of operetion and serform-
ance of the specific system=aircraf't combination.

4.5,3.2

BAY A4k General Performence - During the course of tests and during
operation of the flight control system, no objectionable jitter of
cockpit controls or parts of the aircrart's control system shall occur.
Actustion of knobs, switches and other coutrcls saell result in-a
smooth response and no objecticnable lag in response shall be encountered.
Range of control obtained from ectuation cf switchea, knots or other
controls shall be within the limits and tolerances =-ecified in the
system or camponent specifications.

4L,5.3.3

K{VAH4E Operational Checks - Operational checks of system synchronize=
tion, engagement, disengagement, interlccxs, switcaning functionms,
transfer of control, limiting and cutoff devices shell demonstrate
performance in campliance with the limit end tolerance reguircements

of the system or compcnent specification. In checking such operational
L!;nstugez. no abrupt, undesirable or unsafe control action shell occur.
K/Y./S/.K Instrumentation - Completeness and type of instrumentation
required shall depend upon the mcdes of operation under test, as well
88 the test condition. Instrumentatica shali iaclude sufficient visual,
photopanel, telementering, and oscillograpkic recording provisions to
permit accurete comperison and analysis of perférzance &nd cherecter-
istics obtained with those specified. The aircraft shall be suitebly
instrumented such thet time histories of each tlight can te recorded.
The following records are 1 andatcry:

a. Roll, pitech, and yaw rates &nd attitudes.
b. Attitude controlling device position,
Ce Altitude,
d. Airspeed or Mach No. or both.
4,5.3.4.1
KNVAKLY Accuracy of Instrumentation - When feasible, aircraft

performance shall be obteined from instrumentation operating indepen-
dently fram the component or system under test. The response and
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accuracy characteristics of any instrumentation used shall be equal

to or better than, as required, that of the performance of the

functi:;)ns to be recorded,

ﬁ[l’ /_‘Y/ L8/ Report of Instrumentation - A report covering the details
of the instrumentation used and the instrument installation in the

test aircraft shall be submitted to the procuring activity prior to
conducting demonstration test flights,

4,5.3.5

KAY ¥oL/ Tests - Prior to the conductance of any demonstration test
flights to be accomplished under the requirements of this specification,
the component or system installation, and any test instrumentation used,
shall be subjected to a preflight inspection and test in accordance

with the procedure established by the equipment and test aircraft
manufacturer. No malperformance shall be present., When dynamic
performance is to be observed, demonstrated, or recorded under the
application of a forced transient, the applied transient shall be
introduced by a ramp, step, or other suitable input resulting in a
linear control displacement. The amplitude, frequency and time
duration of the forced transient shall be as specified for each

specific test,

4,5.5.5.1

K4Vy 24V Developmental Flight Tests - Developmental flight tests

of a component or system shall demonstrate that the equipment-aircraft
combination is performing within the specified operational requirements,
For the primary control systems, those tests shall be designed to point
out, and aid in correcting, deficiencies in the basic airframe handling
qualities. For AFCS, these tests will be used ior component and
subsystem development,

L,5.3.5,2

LAY /5 FAZ Preproduction Flight Tests - These tests consist of a
series of specific tests designed to prove functional suitability,
consistency of operation and the accuracy of performance of the AFCS
and all of its related functions and modes of operation prior to
committing the equipment to full production,

4,5,3,5.3

ALY LF LA Safety Flight Tests - Safety flight tests, conducted to
demonstrate and evaluate the suitability and safety of operation of

a component or system, shall demonstrate that the equipment-

aircraft combination is protected by sufficient interlock features

to prevent improper operation and that adequate warning features and
control limitation protection is provided to prevent entering a
hazardous or unsafe flight condition in the event of a malfunction

or failure.

4,5.3.5.3.1

AL {4584V Scope of Tests - Safety flight tests shall be conducted

on these areas found critical by ground test to demonstrate the
following:
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a. Under ell autometic control conditions it shall be possible
for the pilot to obtein sufficient control surface motion to control
the airereft by application of force to the manual controls.

b, That system control, setting, or calibration shscll not bve
advercely affected by any flight conditions,

¢. That the AFCS will not impose control motion such as to
canmpromise ths structural integrity of the aircraft.

de That the pilot shall have sufficient time to disconnect the
AFCS, the AFCS shall be autcmatically disengaged, or that the ajrcraft
shall remuin in e safe configuration in the event of eny of the
following:

(1) Loss of elements that will ceuse abrupt changes in
flight path,

(2) Complete, partial, or intermittent loss of power to the
systen or component.

(3) Loss of power to automatic trim actuator.

(4) short or open in signal circuit, tube, or synchro-
wiring.

(S) Open in feedback circuite.

6. That the system cen te easily disengaged with actuetors under
meximum loed,
u‘-sososou
KNALFAY 1nstellation Flight Tests - Instsllation fligzht tests shall
ccnsist of a demonstration of the suitability and consistency of
performance of the system, using reccmmended production calibration
settings, in an installation representative of that which may be
expected in production when installed in an sirecreft representative
of those to be delivered for service use. Performence for each
functional category of operstion thoughout the flight regime shall
camply with that specified in the appliceble system or component
specifications as well es can be observed with the standard instru-
Eonntton sanilable to the pilot.

/64{/5/5(5 Production Flight Tests - Production tests shall consist
of the preflight and functional t'light checks accomplished on each
production installation submitted for escceptance. Production flight
tests shall be accomplished in accordence with preflight and flight
test procedure prepared by the aircraft contractor and approved by
the procuring activity.
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4,5,3.6
K/YJS“ Features To Be Tested - The following AFCS features and
functions shall be tested as applicable:

_ e, Short and long period stability with the AFCS operative in
the various modes.

be Pilot assist function tests.

¢, Navigational control function testsa.

d, Trecking control function tests.

e. Autamatic takeoff function tests.

f. Automatic landing function tests.

g+ Synchronization.

h. Engagement.

i. Disengagement.

Je System interlociks.

k. Switching or control trensfer functions.

l. Limiting and cutoff devices.

m. Additionaul features as required by the procuring activity.
;/15/;5:3.:6,.6’;’1 Flight Test Conditions = Tests shell be accamplisied under
the following conditions:

a. Over the aircraft's gpeed range for which the system has
been designed to perform, both under constant speed flight and speed
varying over this range.

b, Over the aircraft's sltitude range for which the systen has
been designed to perform, both under constant eltitude and altitude
varying over this range,

¢, The aircraft's allowable veriation in weight range and
eenter-of-gravity position,

d. V¥With and without ropresentative combinations of external
pods or stores, when applicable.
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e, With flaps, slots, bomb-bay doors, landing gear, turrets,
and other similar protuberances operated as required for their
particular service configuration, when applicable.

. Sudden epplication of asymmetric power or thrust conditions
vhen applicable.

€. Under sudden confi,uration changes as may be encountered in
service, such as tank or pod drop or large rapid speed changes.

he Under smooth and rough air conditions,

i. Under crosswinds (steady and gusts) up to the meximum
considered safe for menual controlled takeoff or launching.

5¢ FPREPARATICN FCR DELIVERY

5.1 Packeging Requirements - Components shall be delivered complete,
tested, and ready for installation. A4ll receptecles, ports, and
delicate protruding shafts or perts which may be demaged during handling
shall be protected by dust-tight covers, caps, or plugs during shipping
storage, and handling.

6. NOTES

6.1 Intended Use - The requirements of this specification are general
as appliceble to flight control systems and are besed on service
experience to date. Devietions to the requirements of this specifica-
tion may be granted following presentation and approval of substantiat-
ing date.

6.2 Reordered Equipment or SecondSource Procurement - Where modeis
or drawings of components of systems are furnished by the procuring
ectivity on a contract to facilitate interchangeable construction,
or where procurexent is for equipgment to provide interchengeabile use
with equipment previously procured, and the requirements for inter-
changeability contradict the current requirements of cne or more
MIL specifications, the contract requirements for interchsngeability
shell govern without additional approvel by the procuring activitye.

63/ /WRkE AieA L/ 4 /VoAKARAIAL /oA L/ Yol ACL I VARAL Y AL EN /bl
VhESUEROUL/ Yo AdUve Kb Pe bEevelhbr /by Adviihd /Yikk/ i1 ik
oYALEAS AL /oebbbden AL/ /ohb/ AlAARY /o ABE /3t & /el / Yo obladdd
ohhl{ /Yol bRYYAALY / ALK [t/ dMaiA/ A6V /b €rE AL/ Yool e RUA LYY
/o8 AUSALA baAL/ Lo/ L K dnle.

Rationale: See 3.3.39 I
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6.4 International Standardization Agreement - Terminology used in
this specification is the subject of international standardization
agreement ABC Air STD 10/16B, When amendment, revision, or cancella-
tion of this specification is proposed, the departmenter custodians
will inform their respective Departmental Standerdizetion Cffices

so that appropriate action may be teken respecting the international
agreement concerned.

International inteirest (see section 6)
BHK/pah
siorc (11)
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APPENDIX C

SPECIFICATION REVIEW CHANGE RECOMMENDATIONS -
COMPONENTS

Recommended changes to the following specifications

are available from the Defense Documentation Center.

When requesting information from DDC, the title

"Supplement to Appendix C, USAAMRDL TR 74-57" and

accession numbers "AD A009152 and A009153 ' should be cited.

A. STANDARD COMPONENTS:

1,

2.

3.

be

BEARINGS

MIL-B-3990
MIL-B-6038
MIL-B-6039
MIL-B-7¢"9
MIL-B-8942
MIL-B-8943
MIL-B-8948
MIL-B-81820
FF-B-185
MIL-B-5628
MIL-B-5629
MIL-B-5687

UNIVERSAL JOINTS

MIL-U-3963
MIL-J-6193

CABLE

MIL-W-5424
MIL-S-5676
MIL-C-5688
MIL-T-6117
MIL-C-18375

TIE RODS

MIL-T-5683
MIL-T-5684

5.

8.

10.

TURNBUCKLES

MIL-T-5685
MIL-T-8878
MS 33591

LUBRICATION & FITTINGS

MIL-L-6880
MIL-F-3541
MS 15001
MS 15002
MIL-STD-838

CONTROL TUBES

MIL-C-7958

PULLEYS
MIL-P-7034
ELECTRO-MECHANICAL

MIL-A-8064
CHAIN
MIL-C-52058

MIL-STD-421
MS 26534



11, SPRING PINS

MIL-P-10971
MS 33547

12. NUTS
MIL-N-25027

13, SAFETY WIRING
MS 33540
14, GRIP ASSEMBLY

MIL-G-25561
15, CASTINGS AND FORGINGS

MIL-C-6021
MIL-F-7190
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APPENDIX D

SPECIFICATION REVIEW CHANGE RECOMMENDATIONS -
STRUCTURE

Recommended changes to the following specifications
are available from the Defense Documentation Center.
When requesting information from DDC, the title
"Supplement to Appendix D, USAAMRDL TR 74<57" and
accession number "AD AN09154 " should be cited.

MIL-S-8698 - Structural Design Requirements,
Helicopters
MIL-A-008860 - Airplane Strength and Rigidity,

General Specification for

MIL-A-008861 =~ Airplane Strength and Rigidity,
Flight Loads

MIL-A-008865 - Airplane Strength and Rigidity,
Miscellaneous Loads

MIL-A-008866 - Airplane Strength and Rigidity,
Reliability Requirements,
Repeated Loads, and Fatigue

MIL-A-008870 - Airplane Strength and Rigidity,

Flutter, Divergence and Other
Aeroelastic Instabilities
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APPENDIX E

SPECIFICATION REVIEW CHANGE RECOMMENDATIONS,
COCKPIT ARRANGEMENT

Recommended changes to the following specifications
are available from the Defense Documentation Center.
When requesting information from DDC, the title
"Supplement to Appendix E, USAAMRDL TR 74«57‘' and
accession number ''AD A009155 ' should be cited.

MIL-STD-203 - Aircrew Station Controls and
Displays for Fixed Wing Aircraft

MIL-STD=-250 - Cockpit Controls: Location and
Actuation of, for Helicopters

MS 33574 - Dimensions, Basic Cockpit, Stick
Controlled, Fixed Wing Aircraft

MS 33575 - Delete

MS 33576 - Dimensions, Basic, Cockpit, Wheel
Controlled, Fixed Wing Aircraft

MIL-STD-1333 - Aircrew Station Geometry for

Military Aircraft
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APPENDIX F

Recommended changes to the following specification
are available from the Defense Documentation Center.
When requesting information from DDC, th: title
""Supplement to Appendix F, USAAMRDL TR 74-57'" anu
accession number "AD A009156 ' should be cited.

DESIGN HANDBOOK CHANGE RECOMMENDATIONS, AFSC DESIGN HAND-
BOOKS, DH 2-1, DH 2-X
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APPENDIX G

ON-GOING FLY-BY-WIRE RESEARCH AND DEVELOPMENT

Title:

Performing
Organization:

Government
Organization:

Contract No.:
Completion Date:

Description:

Title:

Performing
Organization:

Government
Organization:

Contract No,:
Completion Date:

Description:

(U) Program Analyses and Studies in Support
of the HLH Flight Control System Advanced
Technology Component Program

Massachusetts Institute of Technology,
Cambridge, Massachusetts

U.S. Army Air Mobility R&D Laboratory
Fort Eustis, Virginia 23604

DAAJO02-72-C-0029
December 1974

The objective of this program is to support
the Army and Boeing Vertol during the con-
duct of the Heavy Lift Helicopter (HLH)
Advanced Technology Component Program.

This contract covers the flight control por-
tion of the overall program. The approach
is to transfer technology gained under
previous contracts to the HLH Advanced

Technology Component Program, provide tech-
nical assistance in the areas of analytical
design and analysis by the use of their
hybrid simulator, and perform work in order
to recommend to the Government possible
solutions of technical difficulties per-
taining to the HLH flight control system
for the HLH experienced by Boeing.

(U) Heavy Lift Helicopter

Boeing Vertol
Philadelphia, Pennsylvania

U.S. Army Air Mobility R&D Laboratory
Fort Eustis, Virginia 23604

The Heavy Lift Helicopter design includes the
use of a primary fly-by-wire flight control
system. Fabrication of the fly-by-wire
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Government
Organization:

Contract No,:
Completion Date:

Description:

system is subcontracted to the General
Electric Company, Johnson City, New Yorlk,
for the electronic equipment and to Bertea,
Los Angeles, California, for the elecLro-
hydraulic actuation elements. Flight test
of the Prototype Fly-By-Wire Systems for the
HLH aircraft ﬁas begun.,

(U) Military Transport Fly-By-Wire Flight
Test Evaluatlion

Honeywell, Inc.
Minneapolis, Minnesota

AF Flight Dynamics Labecratory
FGL Wright Patterson Air Force Base, Onio

F33615-71-C-1256
August 1973

The objective of this program is to show
that fly-by-wire control can alleviate the
critical controllability problems of large
military jet transports in such mission
tasks as station-keeping for formation para-
drop. A properly designed fly-by-wire flight
control systcm should improve the control
precision and handling qualities of such
aircraft, particularly in flight control
problem areas suth as the heavy wake tur-
bulence of preceding aircraft in formation,
The effort will use the C-141 as a typical
current large military transport and should
indicate the benefits of, and the approach
for, designing fly-by-wire into future
transports. The approach is to design,
fabricate, hardware f{lightworthiness test,
install, and flight test a two-axes (pitch
and roll) fly-by-wire system for an AFC-14l,
The system will have a side stick controller
for pilot inputs and will be limited in
redundancy to automatic safety reversion to
the normal flight control system. Outer
loop control modes will be investigated.
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Title: (U) Multiplexed Flight Control System
Flight Evaluation for Military Aircraft

Performing General amics Corporation
Organization: Fort Worth, Texas

Government AF Flight Dynamics Laboratory
Organization: FLG Wright Patterson Air Force Base, Ohio
Contract No.: F33615-71-C-1147

Completion Date: Jun~ 1973

Description: Mechanical flight control systems of all
military high performance aircraft are
necessarily complex, difficult to design,
limit performance, and are highly wvulnerable
to ground fire. Fly-by-wire §light control
systems, for which design criteria are now
being developed, have the capabilitﬂ of
minimizing the above deficiencies; however,
the quadruple redundancy requirements of
such a system in turn impose a requirement
for a great many transmission wires if a
hardwired system is used, Studies to date
indicate that multiplexing is feasible and
can eliminate this deficiency. The objec-
tive of this work unit is to demonstrate
the feasibility and practicability of a
multiplexed flight control system, with
its attendant wire and weight savings, by
flight testing a representative flightworthy
system which, in turn, will provide an
initial design criteria base for multiplex-
ing fly-by-wire flight control systems for
future military aircraft.

The initial phase will consist of design,
fabrication, bench test, and simulation

test of a representative system. Secondly,the
system will be flightworthiness tested, in-
stalled in a flight test aircraft, and flight

tested.
Title: Space Shuttle
Performing North American Rockwell
Organization: Downey, California
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Government
Organization:

Contract No.:
Completion Date:

Principal
Investigator:

Description:

NASA
Houston, lexas

The Space Shuttle design incorporates fly-
bK-wire primary flight controls, including
the use of digital processing computers and
multiplex signal transmission methods.
Minneapolis Honeywell (St. Petersburg,
Florida) is subcontractor on the flight
control configuration. IBM (Oswego, N. Y.)
is responsible for the data processing
computers. The fly-by-wire configuration
has been generally defined and some com-
ponent fabrications have been issued for
prcposal quotation,

Direct Drive Fly-Bv-Wire

North American Rockwell
Columbus, Ohio

Naval Air Development Center
Warminster, Pennsylvania 18974

N62269-72-C-0108

J. N. Demanchi (614-239-2713)

This proiram is intended to investigate the
use of high pressure, modular hydraulic
systems in conjunction with direct drive
servo actuators for fly-by-wire primary
flight control systems. The intended appli-
cation is the XV-12A aircraft which North
American Rockwell is under contract to build.
Development hardware has been fabricated
Yg;b testing to occur in the first part of
4,
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Digital Actuation Survey

North American Rockwell
Columbus, Ohio

NASA Langley Research Center
Hampton, Virginia 23665

NAS-1-12718

R. Hupp (614-239-2713)

This program is a six-month effort to
establish the state of the art in digital
input electro-hydraulic flight control
actuators and to recommend a particular
configuration for fabrication and test

as part of one on-going NASA F-8 fly-by-
wire flight control system research effort.

Fiber Optic Investigation

Sperry Flight Systems
Phoenix, Arizona

AFFDL
Wright Patterson Air Force Base, Ohio

Capt. L. Roberts (513-255-4607)

The program effort is to investigate the
use of fiber optics to transmit control
signals in a fly-by-wire primary flight
control system in order to improve trans-
mission reliability. A single channel of

a Sperry-designed fly-by-wire simulator has
been converted to fiber optics snd has been
operated successfully,
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Dielectric Waveguide

AFFDL
Wright Patterson Air Force Base, Ohio

AFFDL
Wright Patterson Air Force Base, Ohio

A. DeThomas (513-255-4504)

This internally conducted Air Force research
program is investigating high frequency wave-
guide techniques to improve the information-
carrying capability and reliability of
electrical transmission methods for fly-by-
wire systems.

Digital Fly-By-Wire Program

NASA Flight Test Center
Edwards Air Force Base, California

NASA Research Center
Hampton, Virginia

This progr~m is intended to investigate the
use of fly-by-wire and digital processing

in flight control systems. An F-8 aircraft
has been modified with a fly-by-wire system
and successfully flight tested. A second
phase of the program will be the installation
of an AP-101 (IBM) computer in place of the
Apollo Lem computer currently being used

and the changing of the current analog back-
up system to a digital}backup. Included in
the program plan is irfstallation of a digital
actuator in one contr¢l axis and investiga-
tion of the fly-by-wiife control system to
cope with maneuver lcAd and low stability
control problems,
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APPENDIX H
ON-GOING FLUIDIC RESEARCH AND DEVELOPMENT

Title: (U) Development and Flight Test Evaluation
of an Advanced Hydrofluidic Stabilization
System for Army Helicopters

Performing Honeywell, Inc.

Organization: Minneapolis, Minnesota 55413

Government U.S. Army Air Mobility R&D Laboratory
Organization: Fort Eustis, Virginia 23604

Contract No.: DAAJ02-72-C-0019

Completion Date: January 1974

Description: The objective is to develop an advanced

hydrofiuidic stabilization system with
the capability of assisting the pilot

in performing the majority of all con-
trol system functions necessary to more
effectively execute the many all-weather
tactical missions and incorporating all
of the many advantages inherent in
fluidic systems.

Honeywell is to design, fabricate, labora-
tory test, and flight test evaluate an
advanced hydrofluidic stabilization sys-
tem, incorporating altitude hold, heading
hold, and attitude hold.

Title: (U) Hydrofluidic Stability Augmentation
System (SAS) Suitability Demonstration
for Army Helicopt:rs

Performini Honeywell, Inc.

Organization: Minneapolis, Minnesota 55413
Government U.S. Army Air Mobility R&D Laboratory
Organization: Fort Eustis, Virginia 23604

Contract No.: DAAJ02-72-C-0051

Completion Date: March 1973

Description: The long range objective of this program
is to determine the operationel suitability
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Title:

Performing
Organization:

Government
Organization:

Contract No.:

Completion Date:

Description:

of a hydrofluidic stability augmentation
system for Army helicopters. The objec-
tive of this phase of the overall program
is to design and develop the integrated
sensor/controller/series servo actuator
package, which will be used to demonstrate
operational suitability during a later
phase of the program,

The approach is to design, fabricate, and
performance test one miniaturized, inte-
grated hydrofluidic stability augmentation
system designed for the yaw axis of an
OH-58/TH-57 type helicogter. A system
design specification will be developed.

(U) Army Helicopter Flight Control System
Reliability and Maintainability (R&M
Investigations

Bell Helicopter Compan
Fort Worth, Texas 7610

U.S. Army Air Mobility R&D Laboratory
Fort Eustis, Virginia 23604

DAAJ02-73~C-0026
March 1974

The objective is to recommend revisions
to helicopter flight control system speci-
fications, standards, procedures and prac-
tices which, if incorporated, should
eliminate deficiencies which are contri-
buting significantly to reliability and
maintainability (R&M) shortcomings for
Army aircraft., The results of this effort
will be used to ensure that adequate con-
sideration is given to the R&M aspects of
flight control systems for future Army
aircraft.

The ~ontractor will perform this flight
control system investigation by conducting
a data analysis, analyzing design require-
ments, conducting design reviews, recom-
mending document revisions and prepar 'ng
drafts of any new flight control specifi-
cations required. Additionally, the
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Title:

Performing
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contractor will recommend future R&D
efforts necessary to define design and
test requirements, quality assurance pro-
visions and qualification requirements,
procedures and practices for fly-by-wire
and fluidic flight control systems for
future Army aircraft applications.

Hydrofluidic Stability Augmentation
System (SAS) Suitability Demonstration
for Army Aircraft

Honeywell, Inc.
2600 Ridgway Parkway
Minneapolis, Minnesota 55413

U.S. Army Air Mobility R&D Laboratory

Eustis Directorate
Fort Eustis, Virginia 23604

DAAJ02-73-C-0046
August 1975

The long range objective of this program
is to determine the operational suitabil-
ity of a hydrofiuidic stability augmenta-
tion system for Army aircraft systems,
The objective of this phase of the over-
all program is to accumulate sufficient
flight data on the hydrofluidic yaw
stability augmentation system so as to
demonstrate the operational suitability
as compared with existing systems.

The approach is to fabricate, laboratory
test, install and flight evaluate a
quantity of miniaturized integrated
hydrofluidic yaw stability augmentation
systems, The program is a joint effort
by the U.S. Navy and the U.S. Army.

(U) Operational Suitability of Production
Fluidic Systems

Naval Air Development Center
Air Vehicle Technol Dept. 30424
Warminster, Pennsylvania 18974
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Title:

Performing
Organization:

Naval Air Systems Command 52022
Washington, D.C. 20360

The objective is to fabricate 12 hydro-
fluidic yaw dampers for laboratory and
flight evaluation to obtain performance,
reliability, and maintainability data
required to establish the operational
suitability of production fluidic systems.

(U) Fluidic Roll Rate Damping System -
Improved Unit

General Electric Company
Missile and Space Division

P. O. Box 8555

Philadelphia, Pennsylvania 19101

Naval Air Systems Command 52022A
Washington, D.C. 20361

N00019-73-C-0370
July 1973

The objective is to develop, design,
fabricate and evaluate a RAM air fluidic
roll rate damping system with one moving
part.

The approach is the utilization of develop-
ment efforts for a flueric roll rate damp-
ing system produced under Naval Weapons
Center Contract N00123-72-C-1968. The
contractor will design and fabricate a

roll rate damping system with one moving
part. This prototype will be subjected

to extensive test and evaluation.

(U) Fluidic Autopilot for Navy Tactical
Missiles

General Electric Company
Missile and Space Division

P. 0. Box 8555

Philadelphia, Pennsylvania 19101
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Organization:

Contract No.:
Completion Date:

Description:

Naval Air Systems Command 52022Al
Washington, D.C. 20361

N00019-73-C-0254
February 1974

The objective is to provide very low
cost, highly reliable, rugged, long
lifetime %uidance and control systems

for missiles based on unique characteris-
tics of fluidic components. This effort
will direct fluidic technology to address
problems critical to airborne fluidic
systems.

The contractor is directed to develop
and evaluate a complete fluidic auto-
pilot control system for a Naval missile
based on laminar flow fluidics. The
design will cover sensing, amplification,
signal processing, power and actuator
control and the fluidic power supply.

The development will be d.rected ulti-
mately to a flight test in a Sparrow III
missile.
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